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Summary 
Results of two types of exploratory research are 
recorded in the thesis:Part One deals with the compositional 
studies of minor seed oils and Part Two describes the results 
of the synthesis and derivatization of acetylenic and allenic 
fatty acids. 
Part One 
In continuation of the phytochemical screening program, 
a study of nine seed oils belonging to eight plant families, 
was undertaken to explore the minor oil seed potential of 
forest flora by determining their fatty acid profile." 
A. Minor Seed Oils 
Seed oils of nine wild oil-yielding species Toddalia 
aculeata (Rutaceae), Oydonia vulgaris (Rosaceae), Exacum 
bicolor (Gentianaceae), Cordia latifolia (Boraginaceae), 
Cuscuta reflexa (Convolvulaceae), Peltophorum ferrugineum 
(Leguminosae), Lagerstroemia flos-reginae (Lythraceae), 
Calophyllum inophyllum and Garcinia cambogia (Guttiferae) 
have been analyzed by various chromatographic and spectro-
scopic techniques. 'Aost of the seed oils were rich in 
11 
lon'-^ -chain (^C^.) fatty acids, the medium-chain acids were 
foimd to be relatively in lower amoiints. £. inophyllum was 
found to be an oil-rich species (54.4/^). jill the seed oils 
except G. cambo^ia were found to contain small amounts of 
palmitoleic acid. Saturated acids in all the seed oils 
analyzed have ran^ f^ ed from 21.2-50.0/0. The oil of P. ferru/?ineum 
appeared to be a good source of solid fats (50.0%). All the 
species contained good amounts (46.6-71 .2?-o) of C.Q unsaturated 
acids. Oleic acid was found in exceptionally good amounts in 
three species i.e. 0_. vulgaris (65.5;o), E_. bicolor (34.4;^ ) and 
C. latifolia (44.8%), Linoleic, tne characteristic vegetable 
semi-drying acid was found to the maximum of 4I .1/^  in 
L. flos-reginae. C_. vul;P:aris seed oil was found to be very 
good source of non-drying oil, having oleic acid (65.5^)• 
Part Two 
This part of the thesis illustrates the results of the 
preparation and a variety of reactions on long-chain acetylenic 
and allenic fatty substrates. In these investigations \insatu-
rated chLoronitroso, chlorooximino, chlorosulfurated (monomeric 
and dimeric), isomeric chlorophenylselenyl, and 0x0 derivatives 
were prepai'ed. The structures of the products have been 
established with the help of combustion and spectral studies. 
ill 
A. jrTeparation of Acetylenlc and Allenlc ^ atty Acids 
Bromination-dehydrobromination of commercial lO-iindec-
enoic (1) and cis-9--octadecenoic l2) acids under different 
conditions yielded acetylenic (5-7) and allenic (8) acids as 
depicted in Scheme 1 . 
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B, Nltrosochlorination of Acetvlenic and Allenic Fatty Esters 
Nitrosochlorination of methyl 1O-undecynoate (5), methyl 
g-TJndecynoate (?), methyl 9-octadecynoate (6) and methyl 9,10-
undecadienoate (8), carried out with nitrosyl chloride gas 
(ITOCl), resulted in the formation of unsaturated chloronitroso 
(9,11-13) and chlorooximino (10,13a) derivatives as described 
in Scheme 2. 
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C. Sulfur dichloride derivatives of Acetylenic and Allenlc 
Fatty Esters 
Addition of Sulfur dichloride (0CI2) to the methyl 
esters of acetylenic (5-7) and allenic (8) acids, afforded 
unsaturated chlorosulfenyl chloride (15,17) and dichlorosulfide 
derivatives (14,16,18,19) as shown in Scheme 3. 
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D. Phenylselenyl chloride derivatives of Acetylenlc Fatty 
Esters 
Addition of phenylselenyl chloride (PhSeCl) to the 
methyl esters of acetylenlc (5,7) acids, resulted in the 
formation of isomeric vinyl chlorophenylselenyl derivatives 
(20,21) as given in the Scheme 4. 
Scheme 4 
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E. Oxymercuration-demercuration of Allenic Fatty Acid 
Oxymercuration-demercuration of allenic acid (8) with 
laethanolic mercuric acetate-axkaiin.e f juium boroix^aride 
yielded quantitatively an oxo acid (22) as depicted in the 
Scheme 5-
Scheme 5 
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F. m-Ghloroperbenzoic Acid Oxidation of Allenic Fatty Ester 
m-Ghloroperbenzoic acid (m-CPBA) oxidation of the methyl 
ester of allenic acid (8), furnished a rearranged product (23), 
as shown in the Scheme 6. 
Scheme 6 
CH2 = 0 = OH - R gSg!^"" > <w)-0-0-CH2-CH2-0-fi 
(23) 
where: 
R = {OE^)rj - COOGH^ 
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Introduction 
Ninety per cent of the worlds' production of approximately 
sixty million tonnes of animal and vegetable fats and oils is 
consumed in edible products. Over the past decade, there has 
been a remarkable resurgence of interest in human nutrition 
and industry because fats and oils play a vital role in 
nutrition as well as industry. Dietary fat is more important 
since its caloric density is more than twice than that of 
proteins and carbohydrates. Fatty acids are very important 
because of their physical properties with respect to membranes. 
They also take part in a number of fascinating reactions leading 
to prostaglandins, thromboxanes and prostacyclins. 
The oleochemical industry has expanded dramatically during 
the past quarter century. Several countries now realize the 
urgent need for renewable sources of raw-materials for the 
maintenance and growth of its industrial infrastructure. In 
the industrial field there has been a competition between 
oleochemicals and petrochemicals. The fats and oils industry, 
which is about one-fifth of petrochemical industry, is bound 
to play a dominant role in providing edible oils and industrial 
raw-materials. 
India is primarily an agriciiltural country, which aboxmds 
in forest flora. There is a wide potential of agrichemicals 
: 2 : 
derived from the minor oilseeds rich in specific kind of fatty 
acids. In recent years the utilization of fatty acids as 
agrichemicals finds their way into a variety of industrial uses 
and most of them mainly through derivatization. 
Natural fats and oils vie with petrochemicals as potential 
raw-material sources. The increased price and supply interrup-
tions of petroleum "brought renewed attention to natural fats 
and oils as a more dependable source. On account of the 
continuing shortage of vegetable fats and oils and the dependance 
of agrichemical industries on their availability, a phytochemical 
screening of oil-yielding plant species is the only alternative 
to explore the minor oilseed potential of the forest flora. 
In recent years emphasis has been laid on the production 
of downstream fatty chemicals-the more complex chemicals-rather 
than standard fatty acids. Secondly, a number of oleochemical 
raw-materials are being used currently in the production of 
detergents, protective coatings, plastics, lubricants and 
polymers. Keeping in view this objective an attempt has been 
made in the present study to carry out compositional studies 
on minor seed oils and to synthesize new fatty derivatives from 
unusual fatty acids. Lastly, this fixndamental phase of research 
will provide additional seed oils that are probably the only 
economically feasible alternative to petrochemicals. 
Part One 
Chapter 1 
Minor Seed Oil 
Screening 
Theoretical 
Component Fatty Acids of Vegetable Seed Fats 
Oils and Fats play a vital role in human nutrition as 
well as in industry. The recency of the information has 
revealed their physiological and chemical significances. 
Renewed activity has arisen from the recognition of fatty 
acids as essential dietary requirements, from their link 
with the prostaglandins and from their involvement in cell 
structural membranes. 
During the last decade the production and utilization 
of oils, fats and their fatty acids have grown both in size 
and diversity. The modern method of fatty acid analysis 
using spectroscopic and chromatographic techniques has 
discovered about 800 natural fatty acids in seed oils. Of 
these, most commonly occurring acids are lauric, myristic, 
palmitic, oleic, stearic, linoleic and linolenic. A second 
group of acids, though less common are well known and fit 
easily into the known biosynthetic pathways which fatty 
acids are metabolised. Yet another group of adds occur only in 
restricted sources and have an unidentified biological 
significance. 
: 4 : 
A number of natural fatty acids have been studied and 
tested for their biological activity. The lower members 
of saturated (C.-C-_) fatty acids occur mainly in milk fats, 
those of intermediate chain-length (Cg-C-, .) are present in 
the seed fats of Lauraceae and Myristicaceae, vjhilst palmitic 
and stearic acids are present in most animal and vegatable 
fats. 
Oleic acid is the most common of more than 100 monoenoic 
acids, which has been extensively studied as the prototype 
of this class. It is conveniently isolated from oleic-rich 
sources such as olive oil. In the acids of this class the 
double bond usually has a cis configuration and occurs in 
certain preferred positions, reflecting their mode of 
biosynthesis. Natural polyene acids are almost entirely cis 
compounds, the common and important acids of this class have 
2-6 cis double bonds arranged in a methylene-interrupted 
pattern. The 100 or so acids of this type are mainly of 
even chain-length (specially C-j^ -^Cgg) • They are metabolically 
related by desatujration and chain-extension pix)cedures. 
Linoleic and a-linolenic acids are present in vegetable oils 
2 
and can not be produced by animals . a-Linolenic acid is 
the major acid of linseed oil and linoleic is found in high 
proportions in seed oils such as sunflower, soya, com and 
: 5 : 
safflower^. The CpQ and C22 polyene acids are usually-
produced in animals from dietary sources of 16:1, 18:1, 
18:2 and 18:3. 
It has been knovm. that linoleic acid, possibly 
a-linolenic acid also, is a dietary requirement for healthy 
growth of animals and such acids have been designated as 
"essential fatty acids". Although the reason for dietary 
dependence is not fully known, but these C,g acids and/or 
higher polyene acids produced from them by animals are 
involved in the production of structurally important membranes 
and of the prostaglandins and thromboxanes. 
Seed fats of the plants belonging to the same botanical 
family often show similarity in their fatty acid compositions. 
The whole spectrum of fatty acids is sometimes observed in 
some fats to provide exception to the general rule. (^  Of course 
the abnormal and the unexpected have more excitement rather 
than the routine evaluation of seed fats, tihose major 
components are restricted to the usual four or five fatty 
acids . Attempts at the use of fatty acid composition as an 
aid to Taxonomy have also been made .j A number of reviews 
dealing with natural fatty acids have already been 
published^* ^ •"®. 
: 6 : 
In addition to these usual acids, a large nvimber of fatty-
acids containing oxygenated functions, cyclopropene ring, 
unusual types and positions of unsaturation, differing in 
chain-length and sundry combinations of these unusual acids 
have also been identified as a minor and/or major constituent 
of seed oils of vast plant kingdom. Though the occurrence of 
these unusual acids are scattered but sometimes they are 
specific to some partictilar species. 
During germination and growth, different plants have many 
features of fatty acid metabolism in common. It is only 
during fruit and seed development that marked differences 
between species appear and the lipids of the seeds are the 
source of more xmusual fatty acids. 
f 
Seeds collected from temperate regions, weigh less and 
9 have a higher lipid content than those from colder regions . 
Q 
The seed oils of Capsella species showed that the long-chain 
(16:0, 18:0, 18:1, 18:2 and 18:3) and very long-chain (20:0, 
20:1, 20:2 and 20:3) fatty acid compositions were, however, 
quite identical of all the seed samples collected from 
temperate regions which indicates a rigid genetic, rather 
environmental control of fatty acid biosynthesis. 
The weight of a seed broadly reflects its energy content 
which is available for germination. Seed weight and lipid 
: 7 : 
content may vary within the plant species, depending on 
geographical location and environmental factors. In several 
instances, seeds from warm regions are reported to weigh less 
and to have a lower lipid content than those of the colder 
regions "" . However, in margr plant species both seed 
parameters seem to be independent variables "" .J Environ-
mental factors, such as temperature and light, may also 
affect the composition of constituent fatty acids of seed 
lipids. Thus, low temperature generally seems to favour the 
12-17 
accumulation of poljrunsaturated fatty acids , although 
individual plant species may respond differently to such 
environmental factors . 
Over the last decade advances in the methodology for 
lipid analysis have been noteworthy. The valuable techniques 
in the analysis of oils are thin-layer chromatography (TLC), 
high-performance liquid chromatography (HPLC), complexation 
chromatography, column chromatography, counter-current 
distribution (CCD), gas-liquid chromatography (GLC), urea 
and thiourea adduct separation, chemical and spectroscopic 
methods. 
In recent years interest in the liquid coliimn chromato-
1Q_21 
graphy has been created for analytical purposes . The 
preparative gas-liquid chromatography has successfully been 
: 8 : 
exploited in the isolation of pure fractions from a complex 
mixture. HPLC is the latest technique in the chain of 
chromatogiraphic methods. Patty acids have "been separated as 
their methyl esters, phenyl esters and 2-napthyl esters 
adopting HPLC ~ • Likewise, various spectroscopic techniques, 
-1 -I •? 
viz, proton nuclear magnetic resonance ( H ITMR), C nuclear 
magnetic resonance ( C NMR), liquid chromatography-mass 
spectrometry (LC-MS) and gas chromatography-mass 
spectrometry (GC-MS) provide satisfactory solution for the 
analysis of fatty compounds. 
Todays's organic chemist is faced with the acute need of 
quick and economic separation techniques. Vacuum dry coltimn 
po pQ 
chromatography ' (VDCC) has recently been developed by 
•vdaich large and small samples can be separated with a 
significant saving of time. The advantage of this technique 
is that compotmds that are unstable to silica gel or other 
adsorbents, are in contact with the adsorbent for a minimum 
length of time. 
Very recently separation of fatty acid methyl esters on 
the basis of the number of double bonds using Alumina plates 
has also been reported"^ . Silver sulfamate"^ has also been 
used in place of silver nitirate as argentation and charring 
reagent in TLC. This reagent permits separation of fatty 
: 9 : 
acid esters with differing degrees of unsaturation as well as 
of cis/trans isomeric fatty acids and allows for direct 
charring of fractions. Silver resin chromatography '"^-^  has also 
been employed for the resolution of unsaturated, polyunsaturated 
and acetylenic fatty esters, on the basis of both total number 
of double bonds and the geometric configuration. Silver resin 
chromatography has also been proved helpful in the separation 
34 
of methyl cis- and t3?ans-mono and dihydroxy fatty esters . 
In addition to the above mentioned recent techniques, the 
useful chemical methods generally involved are: catalytic 
hydrogenation, partial hydrogenation, partial oxidation, 
hydroxylation, oxidative degradation, hydrogen bromide and 
Diels-Alder reactions. Recently a method has been developed 
to determine the position of the double bond in the fatty acid 
35 
chain, involving alkylthiolation . 
There is a vast potential of minor oilseeds in India, 
which if properly tapped, can substantially augment the 
overall supplies of the vegetable oils and help in bridging 
the \d.de gap between their demand and supply. The minor 
oilseeds of herbaceous and tree origin if properly harnessed, 
can contribute upto two million tonnes of vegetable oils and 
twelve million tonnes of de-oiled meals. With the objective 
to study and explore the minor oilseed potential a program 
: 10 : 
has been •undervra.y at the authors' laboratory for many years 
for the analysis of indigenous seed oils. Few prominent 
investigations among these have been listed in the Table-I. 
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Discussion 
In contin-uation of 'Minor Seed Oil Screening' program 
8 59 
carried out in our laboratory ' , seed oils from seven 
indigenous species have been analyzed physico-chemically 
by various spectroscopic and chromatographic techniques. 
This work was undertaken in the hope of finding non-traditional 
sources of vegetable oils, which might provide either a high 
concentration of one of the common well known acids or a 
suitable concentration of a less common or presently unknown 
fatty acid of novel stiructure and/or seed oils of unusual 
physical iDroperties which may be of academic and p3?actical 
interests. ^ 
Seed oils were subjected to various specific TLC 
techniques and diagnostic tests which revealed the presence 
of only non-oxygenated fatty acids. The quantitative 
estimation of fatty acid components on a gas chromatogram 
was achieved by comparing retention times with those of lipid 
fin 
standards (Sigma, USA). Argentation TLC of the esters gave 
clear spots corresponding to the saturates, monoenes, dienes 
and trienes. The presence of various acids C^g* C,., C^g, 
fii 
^17* ^18» ^20 ^^^ ^22^ ^ ^^ revealed by reversed-phase TLC 
as their methyl esters. The results of quantitative, direct , 
argentation and reversed-phase TLC supported the findings of 
GLC analysis. Conjugation and unusual functions including 
: 12 : 
trans-tnisaturation in the oils were checked by -oltraviolet 
(UV) and infrared (IR) spectral studies respectively. The 
seed and oil characteristics are depicted in Ta'ble-2 and 
methyl ester composition of the seed oils are given in 
Table~3. The compositional data revealed that all the oils 
examined were composed of common fatty acids present in 
varying proportions. 
Seeds or fruits of most of the species examined, have 
62 been reported to have uses in indigenous medicines . The 
unripe fruits of Toddalia aculeata have use as a stimulating 
liniment for rheumatism. Cydonia vulgaris seeds have been 
known as a popular remedy in gonorrhoea and dysentery with 
inflammation of the mucous membrane. Seeds of Exacum bicolor 
have use in tonic, stomachic. Pruits of Cordia latifolia 
have highly been esteemed in cough, in diseases of chest, 
uterus and urethra. Seeds of Cuscuta reflexa have been used 
along with sasaparilla to purify blood. Lag erstroemia 
flos-reginae seeds have been reported to show narcotic 
activity. 
Oils Rich in C,g Unsaturated Acids 
All the seven species contain good amoimt (46.6-71.2%) 
of C^ g unsaturated acids (as identified by GLG). Oleic (18:1) 
and linoleic (18:2) acids were predominant unsaturated acids 
: 13 : 
(46.6-69.0/^) in all species. Six species (Items 1-5 and 7) 
were unusual in having major amount of oleic-linoleic acids 
(52.4--69.07«). Oleic acid was found in exceptionally good 
amotints in three species i.e. C. vulgaris (65.5/^), E. hicolor 
(54.4/0 and _C_, latifolia (44.8?^). Linoleic, the character-
istic vegetable semi-drying acid was found to he in the range 
29*5-41.1% in five species (Items 1,5,5-7). Linolenic (18:5) 
acid was found to the maximum of 14.8/. (Item 1). 
C-, g Unsaturated Acid 
All the seven species were found to contain palmitoleic 
(16:1) acid in varying amount (0.8-9.2/C), two species having 
comparatively larger amounts of this acid i.e. £. vulgaris 
(9.2/0) and L. flos-re^inae (7.5X). 
Saturated Acids 
Saturated acids in all the seed oils analyzed have 
ranged from 21.2-50,0/.. Palmitic (16:0) acid was found in 
moderate amounts in four species 23.6 (Item 4), 23-8 (Item 5), 
27.3 (Item 6) and 22.0% (Item 7). Arachidic (20:0) acid 
ranged from 0.9-11.5X> C. reflexa was found to have highest 
amount of this acid (11.5/). The amount of stearic (18:0) 
acid, which is usually found as a minor constituent of the 
seed glycerides, was present to the maximum of 7.5/ in 
: 14 : 
Peltophorxim ferrugineum. Other than palmitic, stearic and 
arachidic acids, lauric (12:0), myristic (14:0), margaric 
(17:0) and behenio (22:0) acids were found sporadically in 
different seed oil glycerides. Behenic acid was observed 
ill 1.* ferrujgineum (14.3%). The oil of P. ferrUj^ineum 
appeared to be moderate source of saturated fatty acids 
(50.0%). 
Oils which contain 40-607o of linoleic acid are of the 
'semi-drying' class. L. flos-rei^inae contains 41.1% of 
linoleic acid which may serve as a linoleic rich semi-dirying 
oil. The seed oils rich in mono- and polyunsaturated acids 
may serve as intermediate raw materials for industrial 
utilization depending upon the relative proportions of 
oleic, linoleic and linolenic acids, provided they have good 
oil contents. Most of the seeds investigated here, were 
found to be good sources of xinsaturated acids (46.6-71.2%). 
High amount of oleic acid (65.5%) in C. vulgaris may serve 
as non-drying oil and thus deserves field evaluation as a 
source of oleic acid. 
Calophyllum inophyllum is an oil-rich species of 
Gruttiferae, known as laurel kernel in India, Alexandrian 
laurel in Singapore and Domba oil in Europe. The 
65 £. inophyllum seed oil has many medicinal uses , such as 
external application in rheumatism, use in gonorrhoea. 
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gleet and it is also applied to scabies (itch ). G-tinstone 
63 
and coworkers have earlier analyzed the seed oil of 
C. inophyllum. collected from Singapore, ¥e have reexamined 
the oil-rich seeds of C. inophyllum, collected from India to 
see the environmental and geographical effects on oil content 
and fatty acid composition. Garcinia cambogia ^ seed oil 
of the same family was analyzed in India long time back 
by the classical methods. 
Seed oils of C. inophyllum and G. cambogia revealed the 
presence of only non-oxygenated components by the use of 
various spectroscopic (UY and IR), chromatographic techniques 
(Picric acid TLG^^ and DNP-TLC^^) and Halphen^'^ teat. 
C. inophyllum species of Guttiferae from India analyzed 
63 
was found to have oil content 54.4% while earlier report on 
the same species from Singoapore revealed 70% oil content. 
Seed oil of £. inophyllum was fo\ind to have usual acids: 
16:0(17.9%), 18:0(18.5%), 18:1(42.7%), 18:2(13.5%) and 
18:3(2.1%). The comparison of our results with that of the 
63 previous investigation -^  showed some remarkable differences. 
In the present work, oleic and linoleic contents were 42.7 
and 13.5/0 while in the earlier report these acids were 31.0 
and 32.0% respectively. The small amoimts of hexadecenoic 
(2.5/) and lignoceric (24:0, 2.8%) aqids were present as 
: 16 : 
the other glyceride components, which "were ah sent in the 
63 
earlier report ^ on C. inophyllum oil. G. inoph.yllum« an 
oil-rich species could be a better source of oleic acid if 
properly evaluated for its agronomy as an industrial crop. 
The values of their physico-chemical properties were 
6fi determined as recommended by the AOCS . Methyl ester 
composition and analytical data on the seeds and oil have 
been given in Table-4. 
Rau and Simonsen reported fatty acid composition of 
G. cambogia seed oil, in which only stearic (30%) and oleic 
(70%) acids were the glyceride constituents as determined by 
classical methods. The present investigation on this oil by 
GLC of the methyl esters revealed myristic (0.3%), palmitic 
(14.8%), stearic (7.0%), oleic (31.0%), linoleic (33.5%), 
linolehic (4.6%) behenic (2.2%) and lignoceric (6.5%) acids. 
G^, cambogia showed combined oleic-linoleic content (64.5%) 
of the total fatty acid components. Methyl ester composition 
and analytical data on the seeds and oil have been shown in 
Table-4. 
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Experimental 
1) Sources of Oilseeds 
The seeds which have been screened in the present work 
were procured by staff botanists under contract in various 
parts of the country or by purchase from commercial seed 
suppliers. Most of the seeds chosen for analyses were of 
medicinal importance. 
2) Ext rac t ion of Oil 
Thoroughly cleaned and dried samples of seeds were 
grinded in a disinteg2?ator. The powdered seeds were extracted 
repeatedly with petroleum ether (40-60°C) in a soxhlet 
apparatus. The extracted oils were dried over anhydrous 
sodium sulfate. The solvent was removed in vacuo. The oils 
were neutralized by passing it (-^ l.O g) in chloroform 
solution, through a short column of alumina (10 g). 
3) Seed and Oil Gharacteristics 
Preliminary analyses of the seed and its oil were 
68 determined by the standard AOCS procedures 
: 18 : 
4) Saponification of the Seed Oils 
Seed oils were refliixed with ethanolio potassium 
hydroxide. The -unsaponifiahle material was removed by-
extraction with diethyl ether and the free fatty acids were 
obtained "by acidification of the aqueous layer. 
5) Esterification of Mixed Fatty Acids 
Free fatty acid samples were refluxed for an hr in 
a large excess of absolute methanol containing 1% sulfuric 
acid (v/v). The resiilting mixtures were diluted with water, 
cooled in an ice bath and then extracted repeatedly with 
diethyl ether. All the extracts were mixed, dried over 
anhydrous sodiujn sulfate and evaporated in vacuo. 
6) Thin Layer Chromatography (TLC) 
Analytical TLC was performed on plates coated with 
0.25 mm or 1.0 mm thick layer of silica gel or 20/1 silver 
nitrate-impregnated silica gel with 20 or 30/^  diethyl ether 
in petroleum ether (40-60°C) or hexane as developing solvent 
The plates were visualized by spraying with a 20/C aqueous 
solution of perchloric acid and heating in an oven (»~110 C) 
for 10 min. Preparative plates of 1.0 mm thickness were 
sprayed with a 0.2% ethanolic solution of 2',7'-dichloro-
: 19 : 
fluorescein and visualized under UY light. For reversed-phase 
TLC, the dried coated plates were uniformly impregnated with 
5% silicone oil. Acetonitrile-aoetic acid-water (70:10:20, 
v/v/v) were used as developing agent. 
7) Infrared (IR) 
IE spectra were recorded on Perkin-Elmer Model-621 
spectrophotometer as l iquid film or as 1% solution in carbon 
te t rachlor ide . 
8) Ultraviolet (UY) 
UY spectra of oils were recorded on DK-2 ultraviolet 
spectrophotometer in methanol, 
9) G-as Liquid Ohromatography (GLC) 
The quantitative examination of methyl esters was 
carried out by using a Perkin-Elmer Model-154 vapor 
fractometer equipped with a thermal conductivity detector, 
using stainless steel packed column (2m x 3mm) filled with 
diethyleneglycol succinate (DEGS), 15% on chromosorb ¥, 
45-60 mesh. The separations were carried out isothermally 
at 200°C, chart speed 0.76 m/hr with hydrogen flow of 
70 ml/min. 
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Part Two 
Derivatization of 
Fatty Acids 
Tlie ever-increasing cost of petrochemioals has diverted 
the attention of chemists to synthesize oleochemicals from 
natural fats and oils. These fat-derived chemicals are 
essential to a variety of industries such as coating, 
surfactants, plasticizers, luhricant additives, cosmetics, 
pharmaceuticals and organic pesticides. 
In general, the reaction of fatty acids can "be divided 
into two groupsi (a) those involving the hydrocarbon chain 
and (h) the reactions of the terminal carboxylic function. 
During the last decade novel and interesting reactions of 
fatty acids have been described that provide a new route to 
the synthesis of a variety of fatty acid derivatives for 
possible industrial utilization. The chemical reactions of 
long-chain acids are essentially those of carboxylic, 
olefinic, acetylenic and mid-chain oxygenated functions, 
with important contribution of polar, steric, conformational 
and neighbouring, group effects. Vegetable oils are renevrable 
resources and are likely to be the main starting materials 
for oleochemicals. The technologists are looking at all the 
: 28 : 
possible ways of modifying or altering the fat and fatty acid 
molecules. Most of the oleochemioals are obtained by the 
reaction of ester linkage of the fat, the increasing attention 
is being paid to the possibilities of modifying chain-substi-
tuted functional groups of fatty acids. 
Recent advances in chromatographic techniques of 
separation and spectroscopic methods of structure determination 
make it possible that all the products of a reaction on the 
straight-chain unsaturated fatty acids, can now be examined 
profitably. The growing demand of fatty chemicals as 
intermediate raw materials has diverted the attention of fat 
chemists from analytical work to synthetic experiment. In 
this context attempts have been made to synthesize new fatty 
acid derivatives from the easily available or prepared 
substrates. 
Chapter 2 
Preparation of Acetvlenic and Allenic Fatty Acids 
Acetylenic and allenic acids, always known as reactive 
and versatile substrates, have attracted the attention of 
fat chemists. Because acetylenic "bond exerts a powerfTil 
influence on the physiological activity of some compounds 
(e.g. carbamates) and makes these compounds more effective 
as drugs. Frequently, however acetylenic compounds are useful 
as precursors to other materials. Addition of various reagents 
to the acetylenic or allenic bond , is the route chosen in such 
cases. 
Several hundred acetylenic compounds have been discovered 
in seed oils, fungi and the essential oils of higher plants. 
The acetylenic fatty acids mostly occur in the seed oils of 
Santalaceae and Olacaceae plant families while allenic acids 
largely occur in the seed oils of Labiatae family. The 
mechanism by which the triple bond originates in nature has 
1 2 been studied by Bu'Lock * . 
In addition to several natxiral acids, a number of these 
acids have been prepared synthetically. Comprehensive 
literature regarding natural and synthetic acetylenic fatty 
: 50 : 
3-11 
acids has already "been reported-^  
Acetylenic compoiHids are most conveniently synthesized 
-I p_"] f. 
by elimination reactions " . Dehydrohalogenation is the 
first and most widely used elimination reaction for the 
synthesis of acetylenes. Dehydrohalogenation of haloolefins 
by an oxygen-containing base is the oldest elimination method. 
17 Sawitsch made the first known alkylacetylene, propyne, from 
-1 O 
bromopropene. Eujicka et al. made the first cyclic acetylene, 
cycloheptadecyne by dehydrobrominating 1-bromo-l-cyclohep-
tadecene with alcoholic potassium hydroxide at 180°C. In 
dehydrohalogenation oxygen-containing bases usually work 
well only if the eliminated H and X are trans. Alkali metal 
amides have also been widely used, they work well with 
both the cis and the trans compounds. Alakli metal organic 
compounds, such as lithium alkyls, are strong bases but weak 
nucleophiles. They dehydrohalogenate haloolefins under very 
mild conditions. Metals such as zinc can also be used to 
dehalogenate dihaloolefins to acetylenes. 
Eliminations from olefinic derivatives are very often 
initiated by bases and usually lead to the foimation of 
acetylenic derivatives and constitute the most important 
19 
method of synthesizing this class of compounds. Elimination 
in which residues X and Y are eliminated from adjacent carbon 
: 51 : 
atoms is regarded as p-elimination while in case of 
a-elimination, initiated "by the same method, X and Y are 
situated at the same oarhon atom. 
According to Ingold , (3-elimination can occur either 
in one step (E2) or in two steps (El). The E2 mechanism is 
synchronous process in which the elimination of substituents 
X and y from two adjacent carbon atoms and the formation of 
the 7i-bond between the carbon atoms occurs simultaneously 
i.e. the four atoms involved lie in a single plane and for 
21 
reasons which have not yet been satisfactorily explained , 
X and Y are always in trans relationship to each other. 
E2: X - 0 = 0 - Y ^ ';C="Cr ^^ - C — C -
Two stage eliminations are characterized by primary 
loss of the anion X" to form a carbonium ion (Ela mechanism) 
J. 
or by primary removal of a cation Y to form a carbanion 
(Elb mechanism). 
I + I + 
Ela: X - C = C - Y ^ X" + C = C - Y -=^^ 
Elb: X - C = C - Y ^ Y"^  + C = C - X - ^ 
•^ - C ^ C 
: 52 : 
The three mechanisms E2, Ela and Elb represent extremes 
of a continuous range of possible courses. The factors 
determining which course is adopted have been discussed in 
22 detail for saturated compounds. Base-catalyzed eliminations, 
which for saturated compounds proceed by an E2 mechanism and 
23 24 
only in exceptional cases by an Elb type mechanism -^  * , 
evidently proceed more readily via carbanions in the case of 
olefins, even when the steric conditions for the E2 mechanism 
are satisfied. 
Many acetylenes and allenes are interconvertible. The 
acetylene-allene equilibrium in many compounds is well known. 
Reactions of one kind of derivatives often give products of 
another kind e.g. propargyl Grignard reagents sometimes 
react as if they were largely allenic G-rignard while allenic 
Grignard reagent reacts with lithium amide in ammonia to give 
lithium propynylide. Thus the chemistry of allenes is 
intimately related to the chemistry of acetylenes. Reviews 
on the synthesis and reactions of allenic compoimds have 
already been published ''* 
Recent literature indicates a resurgence of interest 
in acetylenic compounds as drugs. Acetylenic derivatives 
are widely used in oral contraceptives. Several new 
acetylenic carbamates are potential oncolytic agents. The 
: 35 : 
presence of acetylenic bond in the molecule seems to lower 
the toxicity and improve the rate of ahsoirption and 
metabolism of some drugs. 
Althotigh niimerous interesting and new addition 
reactions * have been discovered and developed within 
the last ten or twenty years, few of them have been 
commercialized. In too many instances, cost factors are 
overwhelming. Progress in developing commercial systems 
almost certainly depends on finding new, efficient, simple 
catalytic systems for the preparation and important addition 
reactions of acetylenic and allenic acids. Keeping this 
objective in view and in the light of physiological influences 
of acetylenic bond in various compounds, attempts were made to 
synthesize acetylenic and allenic fatty acids and to 
derivatize these acids by adding various electrophilic 
reagents. In this investigation 10-undecynoic (terminal), 
9-undecynoic (penultimate), 9-octadecynoic(internal) and 
9,10-undecadienoic(terminal allenic) acids were ssmthesized 
from commercial 10-undecenoic and cis-9-octadecenoic acids. 
Preparation of 10-undecynoic acid (Ilia) 
Bromination-dehydrobromination method was adopted for 
the preparation of acetylenic fatty acids. Commercial 
: 54 : 
10-U2idecenoic acid (la) on bromination gave almost a 
theoretical yield of 10,11-di'bronioundecanoic acid (lb). 
Dibromide (lb) on dehydrobromination by alcoholic potassium 
hydroxide and crystallization from petroleum ether yielded a 
crystalline product (IIIa,r^507,) melting at 42*^ 0 (lit.^^, 
m.p. 41-42°C). 
HgC^CH - (CH2)g - COOH 
(la) 
Br2/GCl4 
H^C - CH - (CH^)o - GOOH 
Br Br 
(lb) 
( i ) Ale. KOH/Reflux 
( ii ) nVMeOH 
HC = C - (GH2)g - COOCH^ 
(Illb) 
I'he structure of the acid (Ilia) was supported by the 
spectral data of its methyl ester (lllb). A band of weak 
intensity in the IR spectrum of Illb at 2110 and a sharp 
band at 3270 cm"""'' indicated presence of C^C and =C-H 
groupings respectively. The NMR spectrum showed an 
important signal at 6 1.80 as triplet (J=2 Hz) integrating 
: 35 : 
for one proton, which established the triple bond linkage at 
the terminal position., The small coupling constant (J=2 Hz) 
for the signal at 6 1.80 could be attributed to the long 
range coupling between CQ-methylene and C^,-acetylenic protonso 
The mass spectrum of Illb han the same fragmentation pattern as 
30 described by Kleiman et^  §i« fo^ : a series of acetylenic esters, 
The details of the elemental and spectral data are given in 
Table--5. 
Preparation of 9-octadecynoic acid (IVa) 
Commercial cis-9-octadecenoic (oleic) acid (Ila) was 
subjected to bromination-dehydrobromination with alcoholic 
potassium hydroxide as described earlier. The crude prodxict 
on crystallization from petroleum ether afforded a crystalline 
compound (IVa,-^457.) melting at 45°C (lit.^^, m.p. 44-45°G). 
CH, - {OE^)rj - CH=:GH - (CHg)^ - COOH 
(Ila) 
Br2/CCl^ 
CH^ - (CH^)„ - C H — C H - (GHo),7 - COOH 
Br Br 
(Ilh) 
( i ) Ale. KOH/reflux 
( ii ) H"^ /MeOH 
CH, - (CH2)r, - C = C - (CH2)y - COOCH^ 
(iVb) 
: 36 : 
The IR spectirum of methyl ester (IVb) revealed absence 
of acetylenic band in the region 2260-2100 cm" . The weak 
31 
C=C stretching band of acetylenic function-^ in IR spectrum 
usually occurs in the region 2260-2100 cm . Because of 
symmetry, no C = C band is observed in the IR spectrum for 
the symmetrically substituted acetylenes. In the IR spectrum 
of monosubstituted acetylenes, the band appears in the region 
2140-2100 cm"" . Disubstituted acetylenes, in which the 
substituents are similar in mass or produce similar inductive 
and resonance effects, the band may be so weak as to be 
unobserved in the IR spectrum. The intensity of the C = C 
stretching band is increased by conjugation with some other 
functions such as carbonyl group. 
In the NMR spectrum of lYb the four propargylic protons 
merged with two protons a- to ester carbonyl and appeared at 
6 2.10-2.60 as multiplet accounting for six protons (Table-5). 
Preparation of 9-undecynoic acid (Via) 
10,11-DibromouxLdecanoic acid (lb), obtained on bromination 
of 10-undecenoic acid (la), was subjected to dehydrobromination 
with concentrated aqueous potassium hydroxide at 180 C. Final 
work up of the crude material and column chromatographic 
separation gave a liquid, 9,10-undecadienoic acid (Va,r\^15%) 
and a solid, 9-undecynoic (VIa,~607.) acid melting at 59 0 
: 57 
(lit.^2, 58-59*^0). 
HoC - CH - (CH^)Q - COOH 
Br Br 
(lb) 
( i ) Aq. K0H/180°C 
( ii ) HVMeOH 
H2G CH - (CH2)Y-C00CH, + H-C 9 - C = C - (CHg)^ - COOCH, 
mxnor 
(Vb) 
major 
(VIb) 
The IR spectrum of the methyl ester (VIb) showed a weak 
band at 2210 cm" and the absence of a band in the region 
3305-3270 cm" (characteristic of monosubstituted acetylenes) 
established the position of 0=0 to be either penultimate or 
internal. The ^MR spectirum showed diagnostic signal at 6 1.73 
as triplet due to the long range coupling between the allylic 
methyl and methylene protons, accounting for three protons 
(OH:, - 0=0 - ) , which supported the penultimate position of 
0=0 linkage (Table-5). Thus product (VIb) was chairacterized 
as methyl 9-^ ;uidecynoate. 
: 38 : 
The minor product (Vbj was characterized as methyl 9, 
10-undecadienoate with the help of elemental and spectral 
data, the details will be discussed in the next section. 
Preparation of 9«10-undecadienoic acid (Va) 
9,10-Undecadienoic acid (Ya) occurred as a minor 
Goproduct in the preparation of 9-undecynoic acid (Via). 
This allenic acid (Va) has been successfvaiy synthesized 
in quantitative yield. 
GHo - CH - (CHo)p - COOH 
Br Br 
(lb) 
(i) Aq. K0H/150^G 
(ii) H'^ /MeOH 
H 2 C = C = C H - (CH2)^-C00GH„ + H™C - G = C - (CHg)^ - COOCH^ 
maj or minor 
(Vb) (Ylb) 
10,11-Dibromoundecanoic acid (lb) was subjected to 
dehydrobromination by heating with aqueous potassium 
hydroxide in an open flask so as the internal temperature 
: 59 : 
reached 150 C and remained there for 20 min. The reac t ion 
mixture a f t e r usual work up and column chromatographic 
separat ion furnished a l i qu id product , 9,10-undecadienoic 
acid (Va,^84.6%) and a minor so l id product , 9-undecynoic 
acid (Via ,^14 .8%) . 
Characterization of Va 
Its elemental analysis corresponded to the molecular 
formula C^^H^oOp. The IR spectrum of its methyl ester (Vb) 
revealed characteristic bands at 1950s, lYlOw and 850s 
(G = C=C stretching) and 1740s cm"" (ester 0=0). The strong 
absorption at 1950 cm" in the IR spectrum was obtained as a 
result of the out-of-phase C = C = C stretching. The IR 
spectirom also gave a strong band at 850 cm with its 
overtone at 1710 cm" which is caused by the terminal = CHp 
53 
wagging vibration . The ITMR spectrum gave characteristic 
signals at 6 1.32 (lOH, br, s, chain - CH2 - )? 2.05-2.50 
(4H, m,^C = C = C - CHp - and - CHp - COO") > 3.62 (3H, s, 
' H 
- COOCH^)i 5.35 and 5.55 (2H, both m, ^C = C = C -) and 
. r ' H, 
6.06 (IH, m, C = C = CH - ) . The allenic protons ( 0 = 0 = 0 - ) 
are not chemical shift equivalent, therefore two different 
signals were found for them in the KMR spectrum. The cis proton 
resonates at 6 5.35 and the trans proton at 6 5.55 both as 
multiplets. The multiplicity of both the signals as multiplet 
: 40 : 
may be due to coupling of terminal allenic methylene protons 
with each, other and long range coupling with Gg-methine 
proton. Additional support in favor of the proposed structure 
was obtained by mass spectrometry. The mass spectrum of Vb 
showed peaks at m/z 197 (M+1, 4.5)-, 196 (M"*", 27.0) along with 
other peaks at m/z 165 (M-OCH^, 53.6)> 164 (M-CH^OH, 37.3)j 
137 (M-GOOCH^, 13.6); 123 (137-GH2, 50)j 122 (M-74, 31.8); 
109 (123-GH2, 19.1); 97 (M-G^H^Og, 31.8); 95 (IO9-GH2, 53.6); 
83 (46.4); 81 (principal ion); 74 (McLafferty ion, 97.3); 
69 (59.1); 67 (71.8); 55 (92.7); 53 (42.7); 43 (55.4); 
41 (94.5) and 39 (55.4). 
Dehydrobromination of 10,11-dibromoundecanoic acid (lb) 
is expected to furnish isomeric ene-bromides, terminal and 
penultimate acetylenes, besides the allenic acid (Va). Non-
formation of ene-bromides is argued on the basis of a negative 
Beilstein test as well as absence of a characteristic olefinic 
IR band at 1600 cm"" . Terminal acetylenic acid is ruled out 
owing to the absence of an IR band at 3270 cm" for =C-H 
grouping. Altho\jgh ene-bromides/terminal acetylenes are 
reported^ to be formed under milder reaction conditions, 
the drastic treatment in the present case precl-udes the 
formation of these products which were \iltimately converted 
into the allenic acid. The formation of 9,10-undecadienoic 
(allenic) acid (Va) was also supported chemically, subjecting 
this acid to oxymercuration-demercuration (Chapter-6A). 
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Chapter 3 
Uitrosochlorination of Acetylenic and Allenic Fatty Esters 
Until recently, oxygen played a fairly imique role as a 
substituent on fatty acid chain. Epoxides, hydroxides, 
hydroperoxides and ketones, to name just a few, were well 
known and thoroughly characterized derivatives which had been 
synthesized and many of which had been fotmd in naturally 
occurring lipid materials. On the other hand, fatty acid 
derivatives consisting of chain-substituted by nitrogen or 
sulfur were, with a few exceptions, rather obscure laboratory 
curiosities and none had apparently been found in natural 
sources. Lipid materials such as sphingolipids do, of course, 
contain sulfur and nitrogen, but not at mid-chain location. 
Although not generally foxmd in fats and oils per se, 
many of the nitrogen derivatives of the aliphatic acids are of 
considerable interest and economic importahce and have, 
therefore, been the object of much research and even of 
considerable industrial interest. V/ith the exception of the 
parent fatty acids and esters, no group of derivatives has 
experienced as great a rate of commercial development and 
translation into large-scale production during the last 
: 42 : 
fifteen years as have the nitrogen derivatives. Much of the 
utility of these compounds could he attributed to the 
occurrence of a non-polar, long-chain hydrocarbon group and 
a highly polar, nitrogen-containing functional group, in the 
same molecule. This functionality renders these compounds 
useful as fibre lubricants, detergents, floatation agents, 
textile softners, emulsification agents, antistatic agents, 
foam boosters, wax additives, corrosion inhibitors, special 
plasticizers and many other purposes. 
Much of the attention is being directed towards the 
addition of a group of reagents, categorized as 'Pseudohalogen', 
to the unsaturated aHphatic and alicyclic compounds. A number 
of pseudohalogens, have come into prominence, viz. iodine 
isocyanate (IFCO), N,N-dichlorourethane(DCU'), monochlorour-
ethane(MCU), chloroazide(ClN^), bromoazide(B3S^), iodoazide(IN^), 
nitryl iodide (NO2I), N,F-dichloro-N', N'-dimethylsulfamide, 
lI,N-dibromobenzenes'alfonamide(NFDBS) and nitrosyl chloride 
UOCI) etc. The present discussion has been confined to 
nitrosyl chloride addition reactions. 
35 The reactions of nitrosyl chloride with olefins have 
been known for almost 100 years and an extensive wealth of 
literature has been accumulated on this subject. Comprehensive 
literature reviews ' have summarized the present state of 
knowledge. 
: 45 : 
Nitrosochlorination of oleic acid was first carried out 
35 "58 
by Tilden et al,-^  Re-examination by Miller et. al. demons-
trated that the addition of nitrosyl chloride to methyl oleate 
was essentially quantitative, when the reaction was conducted 
at 2 C in methylene dichloride. Howerer, no attempts were made 
to synthesize and isolate the individual products of the 
39 
reaction. Recently, Hasan et_ a^* have reported nitrosochlo-
rination of olefinic fatty acids. The dimeric product which 
is so often observed in the reactions of nitrosyl chloride 
with olefins was not formed in significant amoimts under these 
conditions. The usual facile rearrangement of the secondary 
nitroso compound to the oxime proceeds slowly on standing. 
R - CH = C H - R' ^Q^^' > R - OH CH - R' 
R - CH 
CI 
-/=NOH 
C - R' 
The stereochemical course of nitrosochlorination of 
methyl oleate has not been investigated and the literature 
concerning the nitrosochlorination of other olefins does not 
: 44 : 
prov ide a s a t i s f a c t o r y g u i d e . The a d d i t i o n of NOCl and NOBr 
t o norbomene d e r i v a t i v e s fo l lows a c i s s t e r e o c h e m i c a l c o u r s e , 
but t h e c h l o r o n i t r o s o d e r i v a t i v e from c t a l i n i s t r a n s . 
?urtherm.ore, t h e r e i s c o n s i d e r a b l e ev idence t h a t t h e s t e r e o -
chemist ry of n i t r o s o c h l o r i n a t i o n depends not only on t h e 
s t r u c t u r e of t h e a l k e n e , b u t a l s o on t h e s o l v e n t employed, 
t h e manner of p r e p a r a t i o n of t h e n i t r o s y l c h l o r i d e and on 
o t h e r f a c t o r s a s w e l l . 
N i t r o s o c h l o r i n a t i o n of u n s a t u r a t e d f a t t y a c i d s ' and 
o t h e r l o n g - c h a i n a l i p h a t i c o l e f i n s i s a p o t e n t i a l l y u s e f u l 
r o u t e t o t h e s y n t h e s i s of f a t t y n i t r o g e n d e r i v a t i v e s which 
a r e r i c h sources of impor tan t p h a r m a c e u t i c a l s , v e t e r i n a r y 
42 43 
medic ines and a g r i c h e m i c a l s ' . 
44 N i t r o s o c h l o r i n a t i o n of a l l e n e s has a l s o been r e p o r t e d 
E l e c t r o p h i l i c a d d i t i o n of NOCl t o 5 - m e t h y l b u t a - l , 2 - d i e n e 
y i e l d e d 2 - n i t r o s o - 3 - c h l o r o - 3 - n i e t h y l b u t e n e . Th is b l u i s h - g r e e n 
o i l may undergo f a c i l e r ea r r angemen t , d i m e r i z a t i o n and 
p o l y m e r i s a t i o n a t ambient t e m p e r a t u r e s . 
45 Kaplan et_ a l . have suggested t h a t n i t r o s y l c h l o r i d e 
i o n i z e to g ive t h e n i t ro son ium ion and c h l o r i d e i o n . N i t r o -
sonium ion (ITO ) adds to an o l e f i n t o g ive a h i g h l y s t a b i l i z e d 
onium ion i n t e i m e d i a t e , which should open t o g ive a t r a n s -
c h l o r o n i t r o s o d e r i v a t i v e . 
: 45 
0 
'1+ 
CzrC + NO >- C C 
-^  + 
c 
< / 
NO 
1 - ' 
— c' 
\ > 
•v NO 
C C 
The addition of nitrosyl chloride to a series of 
oxygenated and sulfurated fatty acids has very recently 
been carried out at the authors' laboratory . 
Although nitrosochlorination of simple and long-chain 
4.ft 
olefins has been widely studied , scanning of the literature 
revealed no reports of this reaction with acetylenic and 
allenic fatty esters. Therefore, it was of interest to 
perform nitrosochlorination of terminal, penultimate and 
internal acetylenic and terminal allenic fatty esters. Methyl 
10-undecynoate (lllb), methyl 9-octadecynoate (IVb), methyl 
9-undecynoate (VIb) and methyl 9,10-T^decadienoate (Vb) were 
chosen as substrates for carrying out the reaction of 
49 
nitrosyl chloride gas in the present investigation. 
Reaction of Nitrosyl chloride with methyl lO-undecynoate(IIIb) 
Methyl 10-undecynoate (Illb) vra-s treated with nitrosyl 
49 o 
chloride gas at 0 C in an ice-salt bath for 4 hr as described 
: 46 : 
in the ezperimental section. The reaction mixture showed two 
spots on direct TLC plate along xfith that of starting material, 
Final work up and column chromatographic fractionation yielded 
a bluish-green oil (Vila, /-^ 557o) and a yellowish liquid 
(VIII,~30%). 
H C ^ C - (CH2)Q - COOCH„ 
(Illb) 
NOCl gas/CH2Cl2 
f 
HG: 
I I 
01 W 
C - R 
li 
I I 
NO 01 
(Vila) 
Y 
0 = 0 - R 
II I 
HO-K 01 
(Vllb) 
(VIII) 
R = (CH2)Q - OOOCH, 
: 47 : 
Characterization of Vila 
Microanalysis of Vila corresponded to C^ 2H2oO':5NCl, 
which responded to Beilstein test. Its IR spectrum displayed 
a band of medium intensity at 1610 cm" , indicated carbon-
carbon double bond imsaturation while bands at 3240, 1740, 
1550, 1170 and 720 cm"-^  showed =0-H, ester C=0, N=0, C-N and 
C-Cl groupings respectively. The NMR spectrum revealed 
important signals at 6 4.90 as a singlet for HC(C1)=C(N0)-, 
a multiplet centred at 6 2.50 for HC(Cl)=C(N0)-CH2- and 
-CHp-COO-, besides the usual signals at 6 1.32 and 3.63 for 
chain-CHp- and ester methyl protons respectively. 
In the mass spectrum molecular ion peaks were observed 
at m/z,26l/263 (Fig. l). Mass ions at m/z 91/93 (M--C^QH^g02), 
105/107 (M-CgH^g02)and 119/121 (M-GQH^.02), were attributed to 
a-,p- and y-cleo-vages, with one hydrogen transfer in each 
fragment, with respect to unsaturation respectively (Scheme 1), 
Mass ion peaks at m/z 49/51 (M-O^^H^gO,N) and 212 (M-GH2GI) 
established the positions of chloro and nitroso functions at 
^11 ^^^ *^ 10 ^ ©spectively. Other mass ions appeared at 
m/z 260/262 (M-l), 231/233 (M-ITO), 228/230 (260/262-CH^0H), 
226(1.1-01), 225 (M-HCl), 224 (260/262-HCl), 196 (226-NO), 
195 (226-OCH,), 74 (McLafferty ion) and 57 (principal ion). 
These data characterized the product (Vila) as methyl 
11-chloro-lO-nitrosoundec-lO-enoate. 
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: 48 : 
Characterization of VIII 
The elemental analysis of VIII corresponded to 
1^2-^ 20^ 3'^ '^'"* •'•^  showed positive Beilstein test. The IR 
spectrum showed significant bands at 3410 for OH, 2050 for 
cumulated linkage-^ of the type ^C=C=N-, 1680 for C=N, 
1615 for 0=0 while bands at 1735 and 715 cm showed ester 
0=0 and C-Cl groupings respectively. The UV spectrum of 
VIII revealed strong absorption band at A,^ ,^ ^ 268 mp, which 
is attributable to the linkage of the type ^ C=C=N-OH. It 
50 has been reported in the literature that groupings of the 
type (CgH^)2C=C=N-CH™ shows "X^g^^ 294 mjj, in UY spectrum. 
The structure like ^C=N-OH shows only weak absoirption in 
the near ultraviolet unless the group is involved in 
51 
conjugation . The NMR spectrum gave diagnostic signals at 
6 7.30 for =N-OH which disaiDpeared on DpO exchange and a 
multiplet centred at 6 2.30 for -N=C=C(C1)-CH2- and -022000", 
besides other signals at 6 1.30 and 6 3.61 for chain-CHg-
and ester methyl protons respectively. On the basis of the 
above data the product (VIII) was characterized as methyl 
10-chloro-ll-oximinoundec-lO-enoate. An additional support 
tor the structure of VIII was derived from its mass spectral 
data. 
Molecular ion peak was nonexistent in the mass spectrum 
of VIII (Fig. 2). However, highest mass ions appeared at 
: 49 : 
m/z 260/262 which, were attributed to M-1. The MS revealed 
significant mass ion peaks at m/z 91/93 (M-^io%8*^2^ * 
105/107 (M-C H^gOg) and 119/121 (M-CgH^^Oj), which were 
assigned to a-,p- and y-deavages, with one hydrogen shift in 
each, with respect to olefinic function respectively (Scheme 2). 
Mass ion peaks at m/z 73/75 originate from 91/93 "by losing a 
molecule of HpO supporting oximino moiety in VIII. Mass ions 
at m/z 44 (M-C^^H^g02Cl) and 217/219 (M-CH2NO) provided 
support to the positions of chloro and oximino groups at C-.^ 
and C-,-, respectively. Other mass ion peaks appeared at m/z 
229/231 (M-CH^OH), 226 (M-Cl), 224 (260/262-HCl), 216/218 
(217/219-H), 185/187 (217/219-CH_0H), 74 (McLafferty ion) 
and 40 (principal ion). 
The formation of the vinylchlorooximino derivative (VIII) 
could be attributed to the rearrangement of methyl 10-chloro-
11-nitrosoundec-lO-enoate isomer (Vllb). Initially a mixture 
of the two isomers (Vila) and (Vllb) was formed but the 
isomer (Vllb) T/JSLS mostly converted to the product (VIII). 
Compounds of the type containing hydrogen and nitroso 
48 
moieties at the same carbon readily undergo reari^angement 
to give the corresponding oximino derivative. 
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Reaction of ITitrosyl chloride with methyl 9-undecynoate (VIb) 
49 The reaction of nitrosyl chloride gas with methyl 
9-undecynoate (Vlh) afforded a product which showed one 
spot on TLG along with that of starting material. Column 
chromatographic resolution furnished a bluish-green oil 
(IX,-v.657o). 
CH, - C ^ C - (CH2)Y - COOCH, 
(VIb) 
NOCl gas/CHgClg 
CH, - C = 0 - (CHo)^ - COOCH, 
(IX) 
Characterization of IX 
Elemental analysis of IX corresponded to C-, 2H2QO,NC1. 
l € 
1 
Its IR spectrum displayed a band at 1610 cm" attributab e 
to C=C vjhile other bands at 1735, 1540, 1160 aad 720 cm 
indicated the presence of ester C=0, N=0, C-N and C-Cl 
groupings respectively. The MW. spectmim gave two overlapping 
singlets at 6 2.48 and 2.51 attributable to CH^-C(CI) =0(170)-
: 51 : 
and CH^-C(jIO)=C(Cl)-, >jh.ich supports isomeric nature of 
compound (IX). Other NMR signals appeared at 6 1.31 as a 
broad singlet for chain-CHp-, a multiplet centred at 6 2.52 
for-C=C-CH2- and-CH2-C00-and a sharp singlet at 6 5.60 for 
ester methyl protons. Additional support for structure of 
product (IX) was obtained from a study of its mass spectrum. 
The MS exhibited molecular ion peaks at m/z 261/265 
(Fig. 5). The characteristic ions vrere observed at m/z 
246/248 (M-CH^) which were attributed to a'-cleavage with 
respect to carbon-carbon double bond revealing elimination 
m 
of terminal methyl group, while m/z 104/106 (M-CoH^^Op), 
118/120 (M-CgH^^02) and 152/154 (M-C„H^^02) ^®^® related to 
a-, p- and y-cleavages with respect to unsaturation respectively. 
Mass ion peaks at m/z 56 (M-C^QH^Q02C1) , 61/65 (M-C^QH^Q0^1J) , 
198 (M-C2H.CI) and 205/205 (M-C2H.NO) established the isomeric 
nature of the compound (IX). Other mass ions were observed 
at m/z 260/262 (H-l), 251/255 (M-ITO), 228/250 (260/262-CH^OH), 
226 (M-Cl), 225 (M-HCl), 224 (260/262-HCl), 211 (246/248-Cl), 
210 (246/248-IICl), 200/202 (251/255-OCH^), 196 (226-ITO), 195 
(225-ITO), 165 (195-GH^OH), 90/92 (246/248-CgH^g02), 
74 (McLafferty ion, principal ion) and 60/62 (90/92-NO) 
(Scheme 5)' The spectroscopic data confirmed the structure 
of IX as an eutectic isomeric product, methyl 9(lC)-chloro-
10(9)-nitrosoundec-9-enoate. 
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: 52 : 
Reaction of Nitrosyl chloride with methyl 9--octadecynoate(IVl3) 
49 A similar reaction of nitrosyl chloride gas with 
methyl 9-octadecynoato (IVb) as described earlier gave a 
hluish-green liquid (X,-^ y 60*/,). 
CH^ - iCE^)^ - C ^ C - (CHg)^ - COOGH^ 
(iVh) 
NOCl gas/CH2Cl2 
Y 
GH^ - (0Ho)r7 - C = : G - (GH,)^ - COOGH, 
( X ) 
Characterization of X 
Microanalysis of X corresponded to the formula 
C^QH^.O-NGI. Positive response to Beilstein test revealed 
the presence of chlorine function. Its IR spectrum exhibited 
characteristic band of medium intensity at 1600 cm" corres-
ponded to carbon-carbon double bond while other bands at 
1730, 1540, 1170 and 720 cm"""'- indicated the presence of 
ester C=0, N=0, C-N and C-Cl linkages respectively. The 
N M spectrum showed a partially resolved triplet at 6 0.90 
: 55 : 
for terminal methyl protons , a broad s i n g l e t centred a t 
6 1.32 for chain-CHp-, a mul t ip le t centred a t 6 2.31 for 
-CH2-C=C-CH2- and -CH2~C00-and a sharp s i n g l e t at 6 3.63 
for -COOCH,. 
~3 
Molecular ion peak was absent but the highest ion peaks 
were observed at m/z 358/360 (M-1) in the mass spectrum of 
X (Figo 4). The structure-revealing fragment ions were 
observed at m/z 246/248 and 261/263 attributable to a'-cleavage 
and p'-cleavage with one hydrogen transfer, while ions 203/205 
and 216/218 corresponded to a-cleavage with one hydrogen shift 
and p-cleavage with respect to unsaturation respectively 
(Scheme 4). Important mass ions appeared at m/z 156 
(M-C^QH^g02Cl), 161/163 (M-C-LQH^gO^N), 198 (M-CgH^gCl) and 
203/205 (M-CgHj^gON), supported the isomeric nature of the 
product (Z). The other significant mass ions were observed 
at m/z 344/346 (M-CH^), 326/328 (358/360-CH^OH), 324 (M-Cl), 
323 (M-HOl), 322 (358/360-HCl), 29^ (324-NO), 293 (323-NO), 
231/233 (261/263-NO), 230/232 (261/263-OCH^), 211 (246/248-Cl), 
210 (246/248-HCl), 200/202 (23l/233-0CH^), 185/187 (216/218-OCH^) 
74 (McLafferty ion) and 57 (principal ion). 
Reaction of Nitrosyl chloride with methyl 9,10-undecadienoate(Vb) 
49 The reaction of nitrosyl chloride gas ^ with methyl 9,10-
undecadienoate (Yb) afforded a bluish-green liquid (XI,/%> 55%). 
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H2C = C = C H - (CH2)Y - COOGH^ 
(Vb) 
i 
NOCl gas/CH2Cl2 
E^G = C CH - (CHo)r7 - COOCH, 
2 I I ' 2'7 5 
(XI) 
HoC=:C - C - (CHo)r, - COOCH, 2 , ,1 2 7 3 
01 N-OH 
(XIa) 
Characterization of XI 
The elemental analysis of XI corresponded to the 
formula C, 2H2Q0.ZNC1. It responded to Beilstein test. The 
IR spectrum of XI gave bands at 3400 for OH, 3210 for =C--H 
stretching, 1740 for ester G=0, 1680 for C=N, 1610 for C=C, 
1520 for N=0, 870 attributable to =C-H out-of-plane bending 
vibration and 725 cm for C-Cl linkage. The NMR spectrum 
of XI revealed important signals at 6 5.05 as multiplet for 
H2Cr-C-, a multiplet centred at 6 4.38 (-CH-C1 and -CH-NO), 
^VNO 
a multiplet centred at 6 2.27 (=C-CH2- and ~CH2C00-) with 
other signals at 6 1.33 and 6 3.61 for chain--CH2- and -COOCH, 
: 55 : 
respectively. The NMR also showed a singlet at 6 7.20 (=N-OH). 
It was deduced from these spectral data that initially isomeric 
adducts, methyl 9(10)-chloro-10(9)-nitrosottndec-10-enoate, were 
formed hut spectral values 5400 cm""^  (OH) and 6 7.20 (=N-OH) 
indicated presence of chlorooximino derivative as a minor 
component. The formation of chlorooximino component could be 
attributed to the rearrangement of the isomer, methyl 
lO-chloro-9-nitrosoundec-lO-enoate into methyl lO-chloro-9-
oximinoundec-10-enoate. Thus product (XI) was characterized as 
a mixture of the isomers, methyl 9(lO)-chloro-10(9)-nitrosoundec-
10-enoate containing minor amount of methyl lO-chloro-9-oximino-
undec-10-enoate (XIa). 
Thus it was concluded from these studies that reactions 
of nitrosyl chloride gas with acetylenic and allenic fatty 
esters were simple monoelectrophilic additions under the 
reaction condition imposed, yielding ^unsaturated chloronitroso 
and chlorooximino adducts. Second electrophilic addition may 
also occur provided excess of nitrosyl chloride gas is allowed 
to pass through the substrates for the S3nithesis of saturated 
chloronitroso and chlorooximino products. 
Chapter 4 
Sulfur dichloride derivatives of Acetylenic and Allenic 
Fatty Esters 
Sulfurization processes may be classified from different 
points of view. The reaction may be carried out with sulfur, 
sulfur monochloride and other reagents containing sulfur and 
chlorine. It can also be carried out in the presence of 
solvents and accelerators. Another possible classification 
is according to the material being sulfurized: fatty acids, 
olefins, mono-, di-, triesters etc., #iere the common element 
54 is the presence of at least one carbon-carbon double bond . 
Sulfurization of unsaturated compounds and fatty materials 
with sulfur or its compounds gives place to a range of 
products with different physical and chemical properties 
which make them useful as lubricants, additives, coatings, 
5'5 54 55-59 
rubber substituents , paints , bactericidal, fungicidal , 
fin 
medicines and intermediates for the preparation of wetting 
fii 
agents and detergents . These compounds have been described 
to increase the thermal stability of rubber and polymers * <. 
In general, when sulfur content is low ( <5%) * the 
products will be liquid and will generally be used as 
additives. Increasing the sulfur content will increase the 
: 57 : 
viscosity until a rubber like mass is obtained (factice). 
The color of the product will depend on the sulfur reagent, 
SpClp will produce light color products, while those based 
on sulfur will generally be dark. 
There are two types of factice mainly: (a) Dark factice 
(brown factice, sulfur factice) which is made by heating 
sulfiir in a suitably unsaturated saponifiable oil. It is a 
low-gravity, resilient irubbery material, dark brown and 
translucent, possessing a shiny surface, breaking easily on 
compression or extension and grinding easily to a light-colored 
brown floury powder. This material is chiefly of interest for 
addition to rubber compounds which are to be extruded, 
calendered or molded, (b) White factice (isulfur chloride 
factice) is prepared by the action of sulfur monochloride on 
fatty materials at room temperature. It is also a low-gravity 
resilient translucent material with a shiny surface, pale in 
color, weak to compression or extension and grinding easily 
to a white floury powder. It is of partic'ular interest for 
use in cold cured rubber spreadings. 
The intrinsic properties of factices that make them 
particularly suitable for use as rubber modifiers are: 
(a) their non-thermoplastic naturej (b) their ability to flow 
or promote flow under mechanical pressure^ (c) their capacity 
for absorbing large amounts of plasticizersj (d) their 
protective effect against light and ozone deterioration and 
: 58 : 
(e) their good electrical insulating properties. 
Siilfur reacts with, olefins at 90-160 C in liquid phase 
to form several types of polysulfide products. The sulfuri-
zation of olefins (cyclohexene) with sulfur monochloride has 
fiA. 
been examined hy G-lazer and Vidwans . Analysis of the product 
showed that no free sulfur was present, that saturation was 
total and that no -SH group was present. The reaction was 
first order with respect to cyclohexene and first order with 
respect to SpClp. 
65 
Schiemann ejb al. reacted various vegetable oils with 
sufficient SpClp to induce factice formation. They found 
that for each sulfur atom a chlorine atom also entered the 
molecule and that the refractive index of the sulfurized 
product varied linearly with sulfur content and temperature. 
The viscosity of all the materials tested increased with 
increasing sulfur and chlorine contents, the largest increase 
occurring shortly before factice formation. 
fifi 
Glyceride oils such as cotton seed or com oil reacted 
vigorously with sulfur monochloride forming a factice that was 
substantially insoluble in hydrocarbon solvents. As a result, 
such insoluble factice could be used mainly in compounding 
with rubber for various rubber compositions. Production of 
jojoba oil-based factice, soluble in hydrocarbon extended its 
: 59 : 
use in varnishes, paints, adhesive tapes and hubhle giim etc. 
The reaction between sulfur and olefins has been 
explained by polar and radical mechanisms * . It has been 
suggested previously that the addition of chlorine to the 
unsaturated oils may alter the mechanical properties of the 
materials. This is consistent with the res'ults of Mould ejt al. 
that the load carrying capacity is increased by the presence of 
a halogen. 
70 Barton £t aJ.. have reported the reactions of selected 
acetylenes with sulfur dichloride. Dialkylacetylenes and 
diphenylacetylenes afford divinyl sulfides in quantitative 
yields, in certain cases the intermediate vinylsulfenyl 
chloride was also isolated in good yield. The stereochemistry 
of the acetylene adducts was trans. 
71 Although siilfurization of oleic and elaidic esters and 
70 
simple acetylenes has been performed earlier but no report 
of this reaction with acetylenic and allenic fatty esters 
appeared in the literature. In continuation of our work, 
related to the derivatization of fatty acids for possible 
industrial utilization, it was of interest to carry out the 
reaction of sulfur dichloride with terminal, pen-ultimate, 
internal acetylenic and terminal allenic fatty esters. 
69 
: 60 : 
Reaction of Sulfur dichloride with methyl 10-undecynoate(III"b) 
Methyl lO-undecynoate (Illb) was stirred with sulfur 
dichloride in dry diethyl ether at O^C for 6 hr. The 
progress of the reaction was monitored by TLC. Final work up 
and column chromatographic fractionation of the reaction 
mixture yielded two oily products {Xll,i^357e) and (XIII, '^ 25%) 
H C ^ C - (C!H2)g " COOCH^ 
(Illb) 
H -
H -
Ycl 
S 
I 
C C - R 
I 
01 
SClp/Dry diethyl ether 
H - 0: 
I 
S-Cl 
01 
I 
0 - R 
(XIII) 
(XII) 
R = (CH2)Q - OOOOH^ 
: 61 : 
Character iza t ion of XII 
* ™ ^ i — — — I " M ' *ll • I "I • • — • • I I I I — i p — 
Microanalysis of XII indicated the formation of a dimer 
corresponding to the molecular formula CP/^ILQO ,ClpS. I'he 
presence of chlorine was established by positive Beilstein 
test. Its IR spectrum exhibited bands at 3060 (=C-H stretching) 
1755 (ester 0=0), I6l0 (C=C) and 720 cm""^  (C-Cl). The FMR 
spectrum of XII gave diagnostic signals at 6 2.15 as a 
multiplet for four protons [ 2 x - 0=0(01) - CHp-] and 6.05 
for two protons as triplet [ 2 x H - C = C (01)-, (J = 2 Hz)], 
along with the usual signals for fatty esters. The multiplicity 
of the signal at 6 6.05 could be assigned to the long range 
coupling between vinylic and allylic protons. 
Mass spectrum of compound (XII) supported the dimeric 
structure (Pig. 5). Molecular ion peaks appeared at m/z 
494/496/498 along with other important peaks at m/z 463/465/467 
(M-OOH^), 459/461 (M-Cl), 428/430 (459/46a-OCH^), 427/429 
(459/461-CH^OH), 424 (459/461-01), 423 (459/461-HCl), 317/319 
(459/46l-C3H^^0p), 303/305 (317/319-CH2), 263/26 5 {¥.~G^^E^Q0^01) , 
231/233 (M-263/265), 195 (231/233-HCl), 74 (McLafferty ion) 
and 55 (principal ion). The fragmentation pattern confirmed 
the structure of XII as dimethyl 10,10'-dichloro-11,11'-
thiodiundec-10,10'-dienoate (Scheme-5). 
Characterization of XIII 
Compound (XIII) corresponded to the monomeric formula 
'^ 12'^ 20*^ 2'^ "'^ 2^  and responded to Beilstein test. Its IR spectrum 
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: 62 : 
showed characteristic bands at 3065 (=C-H stretching), 1735 
(ester 0=0), 1595 (C=C) and 715 cm"-^  (C-Cl). The NMR spectrum 
of XIII revealed important signals at 6 2,17 as a multiplet 
for two protons [-C=C(C1)-CH2-] and 6.15 as a singlet integra-
ting for single proton [HC=C(C1)-]. Here vinylic and allylic 
coupling was not observed. 
The mass spectrum of XIII further supported the monomeric 
structure (Fig. 6). Molecular ion peaks were not recorded 
while highest mass ion peaks appeared at m/z 267/269/27l(M-0CH^), 
along with other structure-revealing fragments at m/z 263/265 
(M-Cl), 262/264 (M-HCl), 232/234 (263/265-OCH2), 231/233 
( M-SCl J , 228 (263/265-01), 227 (263/265-HOl), 196 (231/233 
-01), 195 (231/233~HC1), 155/157/159 (M-CQH^^02), 141/143/145 
(155/157/159-CH2), 81/83 (M-C^^H^gOgOl), 74 (McLafferty ion) 
and 55 (principal ion). The afore-mentioned fragmentation 
pattern established the structure of XIII as methyl 10-chloro-
11-chlorosulfenylundec-lO-enoate (Scheme-6). 
Reaction of Sulfur dichloride with methyl g-vun-decynoate (VIb) 
The reaction of mehtyl 9-undecynoate (VIb) with sulfur 
dichloride was performed under the same reaction conditions 
as described earlier. The reaction mixture on work up and 
column chromatographic separation yielded two liquid products 
(XIV,~337,) and (X7,^277.). 
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CH~ - C ^ C - (CHg)^ - COOCH, 
f CI 
CH~ - C = G - R 5 I 
S 
CH, - C==C - R 5 I 
01 
(XIV) 
(VIb) 
SCl^/Dry diethyl ether 
1 
CH, -
01 
I 
0=0 - R 
I 
S-Cl 
(XV) 
E = iCli^)rj - COOCE^ 
Oharacterization of XIV 
The compound (XIV) analyzed for 02^H,QO.C12S and responded 
to Beilstein test. Its IR spectrum showed bands at 1755 
(ester 0=0), 1610 (0=0) and 710 cm""^  (O-Ol). The NMR of XIV 
revealed diagnostic signals at 6 1.80 as a triplet for six 
protons [2 x 0H,-0=0(01)--, (J=2.5 Hz)] and 2.13 as a multiplet 
for four protons [2 x -0=0(0l)-0H2-]. The multiplicity of 
the signal at 6 1.80 could be explained in terms of the 
coupling between allylic methyl and allylic methylene protons. 
Mass spectral study further supported the dimeric 
structure of XIV (Fig. 7). The MS of XIV gave molecular ion 
peaks at m/z 494/496/498. The f iragmentation pattern confirmed 
: 64 : 
the position of the double bonds and stilfur (Scheme-?). Other 
prominent mass ions appeared at m/z 463/4-65/467 (M-OCH^), 
459/461 (M~C1), 427/429 (459/461-GH^OH), 424 (459/461-Cl), 
423 (459/461-HCl), 331/333 (459/46l-C^H^2°2)» 330/332(33l/333-H) 
317/319 (331/333-CH2), 294 (330/332-HOl), 281 (317/319-HCl), 
263/265 (M-C^2^20°2°^^' 231/233 (M-263/265), 232/234 (263/265 
-OCH^), 227 (263/265-HCl), 200/202 (23l/233-0CH^), 199/201 
(231/233-CH^OH), 195 (231/233-HGl), 74 (McLafferty ion) and 
57 (principal ion). Thus compound (XIV) was characterized as 
dimethyl 9,9'-dichloro-10,10'-thiodiundec-9,9'-dienoate. 
Characterization of XV 
The compound (XV) corresponded to the formula 0^2^20020123, 
which showed positive Beilstein test. Its IR spectrum revealed 
bands at 1735 (ester C=0), I6OO (C=C) and 720 cm"-"- (C-Cl). NMR 
spectrum of XV gave characteristic signals at 6 1.95 as singlet 
for three protons [CH„-C=C(C1)-] and 2.15 as a multiplet for 
two protons [CH_-C=C(Cl)-GHp-] along with the usual signals 
for fatty esters. Here again no coupling vra-s obse:^ ved 
between allylic methyl and allylic methylene protons. 
Additional support for the proposed monomeric structure 
of XV was provided by its mass spectrum (Fig. 8). The MS of 
XV was deprived of the molecular ion peaks while highest mass 
ion peaks were observed at m/z 297/299/301 (M-l) along with 
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: 65 : 
other diagnostic fragments at m/z 281/283/285 (297/299/301-CH.), 
267/269/271 (M-OCH^), 263/265 (M-Cl), 232/234 (263/265-OCII^), 
231/233 { M-SCl j , 228 (263/265-Cl), 227 (263/265-HCl), 
196 (23l/2:)3-Cl), 195 (231/233-HGL), l69/l7l/l73 (M~C^H^^02), 
155/157/159 (I69/171/173-CH2), 95/97 (M-C^QH^gOgCl), 
74 (McLafferty ion) and 69 (principal ion). In the light of 
above data the compound (XV) was characterized as methyl 9-chloro-
lO-chlorosTilfenyl^undec-9-enoate (Scheme - 8). 
Reaction of Sulfur dichloride with methyl 9-octadecynoate (IVb) 
The reaction of methyl 9-octadecynoate (IVb) with sulfur 
dichloride was carried out as described earlier. Pinal work up 
of the reaction mixture and column chromatographic resolution 
gave an oily product (XVI,^40%). 
CH^ - {OE^)rj - C ^ C - {0}i^)rj - COOCH^ 
(IVb) 
SClg/Dry diethyl ether 
CI 
CH^ - {CE^)rj - C4=C - (GHg)^ - COOCH^ 
S 
CH.^  - {CE^)rj - C--Q - {CE^)rj - COOCH^ 
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: 66 : 
Oharacterization of XVI 
The product (XVI) analyzed for dimeric compound, 
C^gHggO.ClpS. It behaved positively towards Beilstein test. 
Its IR spectrum showed bands at 1740 (ester C=0), I6IO (C=C) 
and 720 cm""-'- (C-Cl). The NMR spectrum gave signals at 6 0.90 
as a distorted triplet for six protons attributable to terminal 
methyl protons, 2.17 as a multiplet for eight protons 
(2 X CH^-C=C-CHo) with other usual signals obtained for fatty 
esters. Thus on the basis of elemental and spectral grounds 
the product (XVI) was an isomeric mixture which was characte-
rized as dimethyl 9,9' (10,10')--dichloro-10,10' (9,9')-thiodi-
octadec-9,9'-dienoate. 
Reaction of Stilfur dichloride with methyl 9»10--undecadienoate(Vb) 
Methyl 9,10-undecadienote (Vb) was allowed to react with 
sulfur dichloride as mentioned earlier. Fractionation of the 
reaction mixture by silica gel column chromatography finally 
yielded a liquid product (XVII,~45Z). 
Characterization ot XVII 
Elemental analysis of the t^ roduct (XVII) corresponded to 
the molecular formula Cp.H.QO.ClpS. It showed positive 
Beilstein test. Its IR spectirum displayed bands at 1735 
: 67 : 
(Vb) 
SCl^/Dry diethyl ether 
V 
CI 
CHg - C = r C H - (CHg)^ - COOCH^ 
S 
CHg - C ^ C H - {CE^)rj - COOCH^ 
CI 
(XVII) 
(ester C=0), 1600 (C=C) and 720 cm~-^  (C-Gl). The NMR spectiTini 
exhibited diagnostic signals at 6 6.40 as a miiltiplet for two 
protons [2 x -(Gl)C=CH-], 5.10 as a multiplet for four protons 
(jCHp-S-CHp-] and 2.22 as a m-ultiplet for eight protons 
[2 X -(C1)C=CH-CH2- and 2 x -CH2~COO-3 . The appearance of 
signal at 6 6,40 suggested the t)resence of vinylic protons 
while the other signal at 6 5.10 indicated a linkage of the 
type -GHp-S-CHp-. Their multiplicities could be attributed 
to long range coupling between different protons. 
Additional support for the dimeric nature of the compound 
(XVII) was derived from a study of its mass spectrum (Fig. 9). 
Mass spectrum of XVII revealed molecular ion peaks at m/z 
494/496/498 (Scheme-9). Other structure-revealing mass ion 
: 68 : 
peaks appeared at m/z 459/461 (M-Cl), 458/460 (M-HCl), 428/430 
(459/461-CH^O), 427/429 (459/46l~CH^OH), 424 (459/461-Cl), 
423 (459/461-HCl), 323/32 5/327 (M-C^QH^gOg), 316/318 (459/461 
-CgH^^^Og), 303/305 (459/46l-CgH^g02), 281 (316/318-Cl), 267 
(303/305-HC1), 264/266 (U^C^^E^^O^Cl), 232/234 (264/266-CH^OH), 
231/233 {M-C^^E^Q0^013), 229 (264/266-Cl), 228 (264/266-HCl), 
200/202 (23l/233-CH_0), 199/201 (23l/233-CH„0H), 196(23l/233-Gl), 
195 (231/233-HCl), 74 (McLafferty ion) and 64 (principal ion). 
Above mentioned data characterized XVII as dimethyl 10,10'-
dichloro-ll,ll'-thiodiundec-9,9'-dienoate. The dimer formation 
at the terminal carbon could be attributed to the steric factor 
since usually dimer formation prefers to go throiigh the less 
hindered side. 
The results of this investigation were fotind to be consistent 
70 
with that of Barton et_ al. , as they have already reported the 
formation of divinyl s\ilfides and isolation of intermediate 
vinylsulfenyl chloride from simple acetylenes. They have employed 
a nximber of solvents for the reaction and concluded that the 
orientation of the addition was found to be relatively insensitive 
of the nature of the solvent. They have also rer)orted cyclized 
products from diphenylacetylene, resixlting from the participation 
of the phenyl group but no thiirane was observed to be formed in 
that case as well. 
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: 69 : 
It seems to be difficult to predict the mechanistic 
pathway of sulfur dichloride reactions with acetylenes, 
specially in view of the uncertainty of the stereochemistry 
of electrophilic addition to the acetylenic linkage . -
However, it has heen shown by a number of workers that the 
addition of sulfur dichloride proceeds so as to afford trans 
70 products almost exclusively , By analogy to the reactions 
of sulfur dichloride with olefins and the reaction with other 
electrophiles such as bromine, with acetylenes the initial 
product would be expected to be vinyl chlorosulfenyl 
derivatives through the formation of episulfenium ion. This 
vinyl chlorosulfenyl derivative then reacts with another 
molecule of acetylene to give the dimerized product as 
depicted in the postulated mechanism. 
: 70 : 
Mechanism 
R' 
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R CI 
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Chapter 5 
Phenylselenvl chloride derivatives of Acetvlenic Fattv Esters 
The utility and versatility of organo-selenium compounds 
72-74-have become apparent '^ , since these compounds are potentially 
useful for a number of synthetic transformations. Recent 
75 literature has revealed preparation of 2-phenylselenoalkene 
and 1-phenylselenoalkene by the addition of phenylselenyl 
bromide to monosubstituted alkenes followed by dehydrohaloge-
nation. The reactions of electrophilic selenium reagents with 
carbon-carbon double and triple bonds * have been well 
7R—RO documented. Similar reaction with allenes " has also been 
described earlier. Up to date the reactions of phenylselenyl 
halides have been restricted to short-chain unsaturated hydro-
carbons but no report of this reaction with unsaturated fatty 
acid esters has appeared in the literature. In the present 
work addition of phenylselenyl chloride to methyl 10-imdecynoate 
(Illb) and methyl 9-undecynoate (VIb) i^ as undertaken. 
Reaction of Phenylselenyl chloride with methyl 10-undec,vnoate(IIIb) 
A solution of methyl 10-undecynoate (Illb) in methylene 
dichloride was stirred with a solution of phenylselenyl 
chloride in methylene dichloride at room temperature for 2 hr. 
: 72 : 
Final work up with diethyl ether and column chromatographic 
resolution yielded on oily product (XVIII,'v 60/C). 
HC; ;C - (CH2)Q - COOCH^ 
(Illh) 
PhSeCl/CH^Gl 2"-"2 
HG 
I 
= C - (CH2)g - COOCH-
(XYIII) 
Characterization of 2CVIII 
Elemental analysis of XVIII corresponded to C-, QH2tr02SeCl. 
It showed positive Beilstein test. Its IR spectrum showed 
hands at 3290, 5050, 1750, 1615, 1580 and 720 cm~-^  which were 
attributed to =C-H stretching, aromatic =C-H stretching, ester 
0=0, C=G, aromatic G=G and C-Gl groupings respectively while bands 
at 755 and 700 cm"" were attributable to out-of-plane aromatic 
C~H bending and ring C*—-G bending respectively. The ¥MR 
spectrum displayed two characteristic triplets at 6 6.50 for 
HC(C1)=G^(J=5.5 Hz) and 6.10 for HG(SePh)=C^(J=5.5 Hz), a 
multiplet centred at 6 2.50 for -G=G-GHp and -CHp-GOOTja 
broad mxiltiplet appeared in the range 6 7.15-7.50 integrating 
for five aromatic protons along with usual signals of fatty 
: 73 : 
esters. The appearence of t;fo NIIR signals at 6 6,10 and 
6,30 revealed isomeric nature of the product (XVIII). The 
multiplicity of the signals at 6 6,30 and 6.10 were attri-
butable to the long range coupling between the C-,-, vinylic 
proton and CQ allylic methylene protons. 
Further support to the structure of compound (XVIII) 
was provided by its mass s-oectral study. All peaks greater 
or equal to 5% of the principal ion (100%) vrere tabulated 
37 78 
(Pig. 10). Isotope peaks containing Ci and Se were not 
considered. Molecular ion peak at m/z 388 was found to be 
consistent with the molecular formula (01 , Se ). The mass 
spectrum of XVIII revealed characteristic ions at m/z 217, 
231 and 245 attributable to a-^jB- and y-deavages with respect 
to unsaturation respectively (Scheme 10). Mass ion peaks at 
m/z 217 and 231 may also be attributed to the loss of CgH^SeCHg 
and CgHpSe radicals respectively. Ion peaks at m/z 339, 
(M-CHgCl), 217 (M-CgH^SeCHg), 171 (M-C^^H^gO^Cl) and 49 
(M-C^r^Hp^OpSe) supported the isomeric nature of the compound 
(XVIII). Other fragment ions appeared at m/z 357 (H-OCH^), 
356 (M-CH^OH), 353 (M-Cl), 352 (M-HCl), 329 (M-COOCH^), 311 
(M-CgH^), 196 (353-CgH^Se), 74 (McLafferty ion) and 
41 (principal ion). 
Thus in the light of these spectral data, the product 
(XVIII) was characterized as methyl 10(ll)-chloro-ll(10)-
phenylselenylundec-10-enoate. 
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: 74 
Reaction of Phenylselenyl chloride with methyl g-undecynoateCvib) 
The reaction of methyl 9-undecynoate (Vlh) with phenyl-
selenyl chloride was carried out as mentioned earlier. The 
reaction mixture after usual work up followed by column chroma-
tographic fractionation yielded an oily product (XIX,'~65%). 
CH„ - C ^ C - (CHg)^ - COOGH, 
(V lh ) 
Y 
PhSeCl/CH2Cl2 
CH.2 — C C — ^CH/,jr7 "" 
5 I I 2 1 
COOCH. 
^VsePh ^^^Vci 
(XIX) 
Characterization of XIX 
Microanalysis of the compound (XIX) corresponded to 
C^gHptrOpSeCl, which revealed positive Beilstein test. Its IR 
spectrum showed bands at 3040, 1740, 1610, 1575 and 725 cm"-'-
which were related to aromatic=C-H stretching, ester 0=0, C=C, 
aromatic C=C and C-Cl linkages respectively. The IR bands at 
750 and 695 cm"" vrere attributed to out-of-plane aromatic C-H 
bending and ring C—"C bending respectively. The NMR spectrum 
gave diagnostic signals at 6 1.75 as triplet for CH^-C=C- for 
: 75 : 
three protons (J=2,5 Hz), a multiplet centred at 6 2.27 for 
^CrrC-CHp- and -CH2-COO-integrating for four protons and a 
broad imiLtiplet ranging 6 6.90-7.25 for five aromatic protons 
besides the usual signals of fatty esters. The multiplicity 
of the signal at 6 1.75 was attributed to long rang coupling 
of allylic methyl and allylic methylene protons. 
Additional support to the structure of the compound 
(XIX) was provided by its mass spectral data. Molecular ion 
peak appeared at m/z 588 (Fig. 11). Mass ion peaks at ra/z 231, 
245, 259 and 373 were attributed to a-, p-, y- and a'-cleavages 
vrith respect to unsaturation respectively (Scheme-ll). Mass 
ion peak at m/z 231 may also be attributed to the loss of 
CgH[-Se from molecular ion. Ion peaks at m/z 325, 203, 185 and 
63 provided support to the isomeric nature of compound (XIX). 
Other diagnostic fragments appeared at m/z 357 (M-OGH-,), 
356 (M-CH^OH), 353 (M-Cl), 352 (M-HCl), 329 (M-OOOCH^), 
311 (M-CgH^), 196 (353-CgH^Se), 74 (HcLafferty ion) and 
67 (principal ion). Thus on the basis of above data the 
compound (XIX) was characterized as methyl 9(lO)-chloro-10(9)-
phenylselenylund e c-9-enoat e. 
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Chapter 6A 
Oxymercuration-demercuration of Allenic Fatty Acid 
p-i 
Hofmann and Sand demonstrated oxymercuration of 
olefins in 1900. This method has "been employed to introduce 
a wide variety of nucleophiles to the olefins. A number of 
solvents have "been used from time to time so much so that 
the initial step of the sequence could he regarded as 
solvomercuration. Reduction of the carhon-mercury hond has 
been achieved usin^ a number of reagents e.g., sodium mercury 
amalgam, hydrazine, lithium aluminum hydride and various 
\ borohydrides. 
- CH = CH -
Hg(OAG) 
ROH 
-^ - CH — CH -
I I 
HgOAc OR 
NaOH/NaBH, 
- CHo - CH -. 
^ I 
OR 
Solvomercuration-demercuration of olefins in presence 
of -^jater provides a convenient route for the ssmthesis of 
: 77 : 
alcohols while in presence of alcohols corresponding ethers 
are formed. This sequence of reactions in acetonitrile 
provides a good technique for amination of olefins . Brovm 
o c 
et al, have recently described oxymereu2?ation in aqueous 
tetrahydrofuran and demercuration with alkaline sodium 
borohydride in situ. 
ftfi 
Lucas e;t al. proposed that the oxymer curat ion of 
olefins, by analogy to the bromination of olefins, involves 
a trans addition which proceeds through the formation of 
cyclic mercurinium ion intermediate which undergoes ring 
opening by nucleophilic attack at the carbon atom. 
Methoxymercuration-demercuration has long been used as 
a means of separating long-chain esters differing in unsatu-
ration . Gunstone et al. have described oxymercuration-
demercuration of methyl oleate, methyl linoleate and methyl 
89 10-undecenoate. Recently, Gunstone e_t al. have studied 
oxymercuration-demercuration of p- and y-hydroxy olefinic 
acids, with special reference to the neighbouring group 
participation, resulting into the quantitative yield of 
1,4-epoxides with no evidence of methyl ether. Oxymercuration-
demercuration of terminal olefinic acid have also been 
carried out in the authors' laboratory. 
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Recency of the literature revealed oxymercuration-
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demercuration of acetylenic acids and simple allenes , 
but no report of this reaction with allenic fatty acids 
appeared in the literature. Therefore, it was of interest 
to carry out oxymercuration-demercuration of 9,10-undeca-
dienoic (allenic) acid (Ya). 
Oxymercuration-demercuration of 9»10-undecadienoic aGid(Va) 
Oxymercuration-demercuration is a convenient 
Markovnikov's hydration route and it was expected that the 
hydration of allenic compounds would yield oxo derivative in 
92 93 
analogy to the case of acetylenic acids . The oxymercuration 
of 9>10-i"i-d.ecadienoic (allenic) acid (Va) with methanolic 
mercuric acetate followed by demercuration with alkaline 
sodium borohydride yielded XX (^^80%). 
H2C=rC = CH - i^'^2^rj - COOH 
(Va) 
i ) Hg(OAc)2/MeOH 
i i ) FaOH/lTaBH^ 
CH, - C - (CH^)p - COOH 3 II 2 8 
0 
(XX) 
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Characterization of XX 
/ X 94 
The product (XX) revealed positive DNP test , its 
microanalysis corresponded to C^^Hp^O^ and melted at 57^0 
(lit, , m.p. 58-59°C). Its IR sT)ectrum showed bands at 
3300 (COOH), 1720 (0=0) and 1705 cm~^ (COOH). The mm 
spectrum gave a characteristic signal at 6 2,01 as a sharp 
singlet for CH-j-C-. The mass s-oectrum of XX showed a molecular 
-p II 
0 
ion peak at m/z 200 along with other significant peaks at 
m/z 185 (M-CH^), 182 (M-HgO), 60, 58 (McLafferty ions) and 
43 (principal ion). Thus on the basis of these spectral 
informations compound (XX) was characterized as 10-oxounde-
canoic acid. Further the structure of this oxo acid was 
verified by comparing m.p., m.m.p., TLC, IR and HMR spectral 
values with those reported earlier for 10-oxoimdecanic acid. 
The oxymercuration~demercuration reaction of allenic 
acid was undertaken to study the behaviour of allenic acid 
towards electrophilic reagents and reducing agents. Because 
the chemistry of allenes is unique in many respects due to 
the presence of two orthogonal ix bonds with a common terminus. 
The reaction of allenic acid with methanolic mercuric acetate 
produced probably only one product 9,ll-bis(acetoxyraercuric)-
93 10,10-dimethoxyundecanoic acid (XXa), i-fliich was hydrolyzed 
immediately under the usual reaction conditions to give a 
solid product (XX), characterized as 10-oxoundecanoic acid , 
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Oxymerc-aration-demercuration of allenic acid (Va) provided 
chemical support to its structure (Chapter 2). 
CH2=:C = CH - R 
(Va) 
OCH„ 
I ^ 
AcOHgCH2-C=:CH 
I%(OAc)2/MeOH 
OGH^ 
I 
- R a n d / o r C H ^ = i C - CH(HgOAc)R 
Hg(OAc)2/MeOH 
M 
AcOHgCH2 - C - CH(HgOAc)R 
OCH, 
(XZa) 
NaOH/NaBH^/ 
Hydrolysis 
\( 
CH^ - C - CH^ - R 
II 2 
0 
(XX) 
R = {CE^)rj - COOH 
Chapter 6B 
m-Ohloroperbenzoic Acid Oxidation of Allenic Fatty Ester 
Epoxidation of olefinic -unsaturation has already been 
well studied . Organic peracids * are widely used as 
oxidizing agents because of their versatility, specificity, 
ease of preparation and the frequent production of excellent 
yields of derived products in a short time under milder 
conditions. It has been reported earlier that cis-double 
bonds in straight-chain fatty acids and esters are epoxidized 
TOR 
approximately 1.5 times as rapidly as trans-double bonds 
a, p-Unsaturated acids and esters react extremely slowly with 
109 perbenzoic acid and give rise to unexpected results . The 
discovery of more powerfijil organic peracids i.e. m-chloroper-
benzoic acid (m-CPBA) and pertrifluoroacetic acid, has made 
it possible to epoxidize less reactive olefinic bonds of 
110-112 
a, p-unsaturated compounds 
113 114-
Sworn and V/itnauer were the first to prove that 
unsaturated compounds are epoxidized in a stereospecific 
manner i.e. cis-olefins yield cis-epoxides and trans-olefins 
yield trans-epoxides. 
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Epoxidation of acetylenes'^ "'"^ »"''•'" and allenes'''''"'^"•'"•'"^  
has long been of theoretical and practical interests. Mono-
epoxidation of acetylenes should yield oxirenes directly and 
diepoxidation the dioxabicyclo derivatives. Acetylenes react 
- G^C - C 
\ / 
- c c 
considerably more slowly with peroxy acids than structurally 
similar olefins, as was first shown in a qualitative way by 
120 121 
Boeseken et al. and quantitatively by Schluback et al, 
Mikolajczak et. §JL. and Smith -^  have tried the epoxidation 
of methyl crepenynate with m-chloroperbenzoic acid but they did 
not succeed in obtaining the oxirene. An attempt has earlier 
been made in the authors' laboratory to prepare oxirenes 
and/or dioxabicyclo derivatives of methyl 9-undecynoate and 
methyl lO-undecynoate with perbenzoic acid, but only the 
rearranged products were observed. 
Epoxidation of the allenic compounds with peroxy acids 
has considerable theoretical interest, since novel products 
-1 p IT "1 Of\ 
are expected to be formed. Orandall et al. * have 
published a preliminary and complete account of epoxidation 
of tetramethylallene with peroxyacetic acid in methylene 
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dichloride solution in presence of excess of powdered sodium 
carlDonate buffer. In the present context terminal allenic 
fatty ester, methyl 9,10-undecadienoate (Vb) ym.s subjected to 
epoxidation with m-chloroperbenzoic acid which afforded the 
rearranged product. 
\ C = C 
/ 
/^ 
.0. 
0 
0 
c 
m-Chloroperbenzoic acid Oxidation o^ methyl 9«10-undecadi~ 
enoate (Vb) 
Methyl 9»10-undecadienoate (Vb) was subjected to 
oxidation oy stirring with m-chloroperbenzoic acid in 
chloroform at 0°C for 1.5 hr. Picric acid TLC test ' during 
the progress of the reaction showed an orange spot, character-
istic of epoxy function, but negative picric acid TLC test was 
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observed after an hr. and stirring was further continued 
for 30 min. Final work up of the reaction mixture and 
column chromatographic fractionation yielded XXI {'^S^'D 
H2C = C = CH - {OB.^)r^ - COOCH^ 
(Vb) 
m~CPBA/CHCl 3 
0 ^ 
II ^ 
^ ,VC - 0 - CH2 - CHg - C - {OB.^)rj - COOCH^ 
01 
(XXI) 
Characterization of XXI 
The product (XXI) responded positively to Beilstein 
test indicating presence of halogen. Microanalysis of XXI 
corresponded to C^ qHptrOt-Cl. Its IH spectirum showed, character-
istic bands at 3020 (aromatic C-H stretching), I69O (ClPhGOO ). 
1600 (aromatic 0=0), 770 (out-of-plane aromatic O-H bending), 
690 (ring C'-zizQ bending) p^d 715 cm" (0-01) collectively 
indicated presence of benzoyloxy function in the fatty acid 
chain while other bands at 1740 and 1710 cm" , vrere attributed 
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to ester C=0 and C=0 groupings. BMB. spectnuH gave diagnostic 
signals at 6 2.22 as t-like (-CH2-CO-CH2- and -CH2COO) 
integirating for six protons, 6 4.25 as triplet (J=4 Hz) 
(ClPhCOO-CHj) for two protons and a signal for four aromatic 
protons in the range 6 7.50-8.05 as a broad multiplet, besides 
the usual signals of fatty esters. In the light of abo^ '-e data 
XXI was characterized as methyl 9-oxo-ll-(m-chlorobenzoyloxy) 
undecanoate. 
The formation of the compotmd (XXI) could be explained 
by assuming that initially the isomeric monoepoxides were 
formed which were later rearrange'd as also evidenced by 
107 picric acid TLC examination. Since, it is known that 
epoxidation of allenes affords mono and diepoxides but they 
are highly unstable and very much prone to rearrangements 
resulting into a number of unexpected products. Further 
support to the formation of XXI could be provided by the 
tentative mechanistic approach outlined as under. • 
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Mechanism 
H2C — C = C H - R 
(Vb) 
m- CP3A/CHC1, 
a n d / o r H,C = : C CH - R 
'0 
+H 4-
C = : CH - R - ^ HgC = C 
H 
CH - R 
t H 
H ^ C = C — C - R 
0 - H 
-H 
V y /—coo + H2C=rGH - r - C - R 
.+ 
v_^ 
01 
0 ; ) 
+H" 
\^ 
A /-r—u - 0 - CH2 - C H = : C - R 
CI 0 / 
OH 
\ \ / H - 0 - CH2 - CH2 - C - R 
01 
0 
(XXI) 
R = (CHg)^ - COOCH^ 
Experimental 
All melting points were observed on a Kofler apparatus 
and are •uncorrected. Infrared (IR) spectra were obtained on 
a Perkin Elmer 621 spectrophotometer usually as nujol mulls, 
neat or solution (CCl.) and values were expressed in cm"" . 
Nuclear magnetic resonance (NMR) spectra were recorded at 
60 MHz on a varian A60 instrument using 10-15/o solution in 
CC1> or GHCl^ with tetramethyl silane (TMS) as internal 
standard. All chemical shift values of NMR were given in ppm 
dowafield from TMS (6). The abbreviations "s, d, m, br, t and 
dt" denote "singlet, doublet, multiplet, broad, triplet and 
distorted triplet" respectively. Mass spectra (MS) were 
measured with AEI MS-9 and JEOL JMS-D300 mass spectrometers 
at 70 eV. In the absence of accurate and deuterated mass 
spectra the mass fragments shown in discussion part may be 
considered tentative. Various spectral data necessary for 
structure determination are only discussed. The data normally 
associated with fatty compounds have been deliberately omitted 
in view to limit the volume of the thesis. 
Thin-layer chromatography (TLC) was carried out on 
0.25 mm layer (20 cm x 5 cm plates) with silica gel G plates 
which were usually developed with mixture of petroleum ether, 
diethyl ether and acetic acid (80:20:1, v/v/v). The spots 
were visualized after spraying with a (20%) aqueous solution 
of perchloric acid and charred at 110°C for 10 min. Column 
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chromatography was carried out with silica gel (60-120 mesh) 
using 20-25 g per g of the material to be fractionated, 
iillution was usually effected with petroleum ether and gradually 
increasing proportions of diethyl ether. Mixture of petroleum 
ether (bp 40-60°C) and diethyl ether will be referred to PE 
followed by numerals to indicate the relative volume of 
diethyl ether. 
The starting materials used, 10-undecenoic and cis-9-
octadecenoic (oleic) acids, were of commercial grade. Methyl 
esters of the corresponding acids were prepared by using a 
catalytic amount of sulfuric acid in absolute methanol 
(nVMeOH). Solvent employed for elution were distilled and 
dried before use. 
Preparation of lO-undecynoic acid (Ilia): 
A solution of commercial 10-undecenoic acid (la, 18.4 g, 
100 mmol) in carbon tetrachloride (75 ml) was cooled in an ice 
bath and bromine (l6.0 g, 100 mmol) was added drop wise. The 
mixture after addition of all bromine was stirred for 5 b.r 
and left overnight. Distillation of carbon tetrachloride and 
work up with diethyl ether furnished 10,11-dibromoundecanoic 
acid (lb, 53.7 g) as a thick viscous liquid. A mixture of 
dibromide (lb, 35.7 g), potassium hydroxide (68.0 g), water 
(15 ml) and ethanol (300 ml) was refluxed on a T-ra-ter bath 
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for 12 hr. Ethanol was then removed under reduced pressure 
and it was dissolved in water, acidified with cold dil. 
aalfuric acid and extracted with diethyl ether washed and dried 
over anhydrous sodium sulfate. Removal of the solvent yielded * 
the crude acid vrhich was crystallized from petroleum ether at 
lovr temperature. The crystalline 10-undecynoic acid (Ilia, 
9.1 g) thus obtained melted at 42°C (lit.^^, m.p. 41-42°C). 
(Ilia)-Analysis (Pound: C, 72.56; H, 9.95. '-'ii-^ i8^ 2 ^ ®<l^i^®s: 
C, 72.55-, H, 9.89%). 
Preparation of 9-octadecynoic acid (IVa) 
Commercial cis-9--octadecenoic (oleic) acid (lla, 28.2 g, 
100 mmol) in carbon tetrachloride (75 ml) was cooled and bromine 
(16.0 g, 100 mmol) was added drop wise as described earlier. 
Distillation of the solvent followed by work up with diethyl 
ether gave 9,10-<iil3roDiooctadecanoic acid (lib, 44.3 g) as a 
thick viscous liquid. A mixture of 9,10-dibromostearic acid 
(lib, 44.3 g), potassium hydroxide (88.4 g), water (15 ml) 
and ethanol (300 ml) was refluxed on a water bath for 12 hr. 
Evaporation of the solvent,acidification mth cold dil. sulfuric 
acid and work up with diethyl ether, drying and evaporation of the 
solvent afforded the cirude acid. This crude acid was crysta-
llized from petroleum ether at low temperature. The crystalline 
o 29 9-octadecynoic acid (IVa, 12.6 g) melted at 45 C (lit. ^ , 
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m.p. 44-45°G). 
(iVa)-Analysis (Pomid: C, 77.12j H, 11.48. ^^3^^202 ^ ©^^lires: 
C, 77.09J H, 11.507.). 
Preparation of 9-undec.vnoic acid (Via) 
10,11-Dibromotindecanoic acid (lb, 33.7 g) vra-s added to 
a solution of potassium hydroxide (52.0 g) in water (25 ml) 
and the mixture was heated in an open flask so that the 
internal temperature rose slowly to 180°C and remained there 
for 30 min. It xvas then dissolved in water (120 ml), acidified 
with cold dil. sulfuric acid and was extracted with diethyl 
ether. The removal of the solvent gave a non-crystallizahle 
oil which revealed two spots of very close Rf values on the 
TLC plate. 
The oil was subjected to silica gel column chromato-
graphic fractionation. Elution with petroleum ether gave 
9,10-undecadienoic (allenic) acid (Va, 2.7 g) as a liquid. 
(Va)-Analysis (Found: C, 72.47j H, 9.85. '^ iiH2_8'^ 2 ^ ©^^i^es: 
G, 72.53; II, 9.397c). 
Subsequent elution (PE2) gave 9-undecynoic acid (Via, 
o 
10.92 g) as a white crystalline solid and melted at 59 C 
(lit.^^, m.p. 58-59°C). 
(Via)-Analysis (Foiind: C, 72.45> H, 9.83. i^iH]_802 requires: 
C, 72.53; H, 9.897.). 
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Preparation of 9flO-undecadienoic acid (Va) 
10,ll--Dibromotmdecanoic acid (lb, 33.7 g) was heated 
V7ith an aqueous solution (15 ml) of potassium hydroxide 
(22.5 g) in an open flask so that the internal temperature 
reached slowly to 150°C and remained there for 20 min. The 
reaction mixture was dissolved in water, acidified with cold 
dil. sulfuric acid and finally worked up with diethyl ether. 
Column chromatographic elution with petroleum ether gave a 
liquid product (Va, 15.4 g) which was characterized as 
9,10-undecadienoic (allenic) acid. 
(Va)-Analysis (Fo-und: C, 72.50j H, 9.87. ^ii^i8^2 ®^^ ''^ i^ ®s: 
C, 72.53; H, 9.89%). 
Esterification of this allenic acid (Va) with H /MeOH 
yielded methyl ester (Vb). IR: 1950, 1710, 850 (C=G=C) and 
1740 cm"-^  (CgOCH^). NMR: 6 1.32 br, s, (lOH, chain-CHg); 
2.05-2.50 m(4H, '^ 0=0=0-0112 and "CHg-COO^ j 3.62 s( 3H,-C00CH^) j 
5.35 m and 5.55 m (2H,~ ^ C=C=C-) j and 6.06 m (IH, ^ C=C=CH-). 
MS: m/z 196(M-). 
Further elution (PE2) gave another product (Via, 2.7 g) 
o 32 
as a white crystalline solid, melting at 59 0 (lit. , 
m.p. 58-59°C) which was characterized as 9-'undecynoic acid 
(Via). 
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Preparation of Nitrosyl chloride ^as 
Nitrosyl chloride gas was prepared by the action of 
hydrochloric acid (HCl) on sodium nitrite, as described by 
49 Morton and V/ilcox . The gas was purified by passing through 
the tubes containing sodium nitrite (to absorb hydrogen 
chloride), potassium chloride which has been moistened with 
an amount of water equivalent to 2,4/C of its dry weight 
(to absorb nitrogen dioxide) and anhydrous calcium chloride. 
The lOCl gas thus purified, was directly used for reactions. 
General Procedure for Nitrosochlorination 
A solution of methyl esters (10 mmol) in methylene 
dichloride (25 ml) was taken in a roimd-bottom flask and cooled 
to 0°C in an ice-salt bath. The nitrosyl chloride gas was 
then allowed to react with reaction mixture by passing the 
gas for 2 min, after every 20 min. interval with constant 
stirring for a total period of 4 hr. When the color of the 
reaction mixture turned bluish-green at that point the reaction 
'srao terminated and stirring was continued further for an hr. 
The reaction mixture vra,s then worked up with diethyl ether, 
washed with vra.ter and dried over anhydrous sodium sulfate. 
Tho solvent \-m.3 then evaporated in vacuo to yield a 
bluish-green oil. 
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Reaction of Nitrosyl chloride with methyl lO-iHidecynoate (Illb) 
The reaction of methyl lO-undecynoate (1.96 g, 10 mmol) 
in methylene dichloride (25 KLL) with nitrosyl chloride gas 
>7as carried out as described above. Pinal work up vdth diethyl 
ether and column chromatographic fractionation on silica gel 
yielded tvro liquid products, (Vila, PB5, 1.45 g) and (VIII, PE5, 
0.78 g). Both the products responded positively to Beilstein 
test. 
(Vila)-Analysis (Pound: C, 55.05*, H, 7.74j N, 5.40. C^2H2o^3^^^ 
requires: C, 55.06; H, 7.70j N, 5.35Z). IR (Neat): 3240(=C-H 
stretching); 1740 (COOCH ), l6lO (C=C), 1550 (N=0), 1170 (G-N) 
and 720 cm"-*- (C-Cl). FMR: 6 1.32 br, s(l2H, chain-CH2-); 
2.30 m(4H, CH(G1)=:C(N0)-CH2- and -CH2-G00-) j 3.63 s (3PI,-C00CH^) 
and 4.90 s(lH, H( Cl)C=C(iro)-). MS: m/z 261/263 (M"^). 
(VIII)-Analysis (Pound: C, 55.09; H, 7.73; N, 5.37. 0^2020^3^'^^ 
requires: C, 55.06; H, 7.70; N, 5.35/.). IR (Neat): 3410 (OH), 
2050 (C=C=N), 1735 (COOCH ), 1680 (C=N), 1615 (C=C) and 715 cm""^  
(C-Cl). UV (MeOH): ^„^^ 268 m^. NMR: 6 1.30 br, s (12H, 
chain-CH2-); 2.30 m Uil, -N=C=G(Cl)-CH2- and -CH2GOO); 
3.61 m (311,-0000x1^ ) and 7.30 m (IH, =N-OH), MS: m/z 260/262 
(M-1). 
Reaction of Nitrosyl chloride with methyl 9-undecynoate (VIb) 
Methyl 9-undecynoate (1.96 g, 10 mmol) was dissolved in 
methylene dichloride (25 ml) and was subjected to nitrosyl 
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chloride gas treatment as described earlier. Final r^ork up 
and silica gel column chromatographic separation afforded 
(IX, PE3» 1.70 g) as a hluish-green liquid which responded 
to Beilstein test. 
(iX)-Analysis (Pound: C, 55.11; H, 7.78j N, 5.59. C^2^20°3^^-^ 
requires: C, 55.06; H, 7.70-, N, 5.55%). IR (Neat): 1755 
(CjOOOH^), 1610 (C=C), 1540 (E=0), 1160 (C-E) and 720 cm"-'-
(C-Cl). NMR: 6 1.51 br, s (lOH, chain-CHg); 2.48 s (5H, CH^-
-C(C1)=C(N0)-)} 2.51 s (5H, CH^-G(1T0)=C(C1)-)} 2.52 m 
(4F, /CrrC-CHgand -CH2-COO-) and 5.60 s (5H,-C00CH^). MS: m/z 
261/265 (H"^). 
Reaction of Nitrosyl chloride with methyl 9-octadec.vnoate (IVb) 
Reaction of methyl 9-octadecynoate (2.94 g, 10 mmol) in 
methylene dichloride (50 ml) v^ ith nitrosyl chloride gas was 
carried out as detailed earlier. After work up and chromato-
graphic resolution over silica gel column gave (2, PS5, 2.15 g) 
as a bluish-green oil which revelaed positive Beilstein test. 
(X)-Analysis (j:o\md: C, 65.46; II, 9.60; N, 5.92. C^gH^^O^ITCl 
requires: C, 65.40j H, 9.52; X, 5.89%). IR (Neat): 1750 
(COOCH^), 1600 (C=C), 1540 (N=0), 1170 (C-IT) and 720 cm~-^  
(C-Cl). ITIffi: 6 1.52 br, s (22H, chain-CH2-); 0.90 partially 
resolved trit^ let (5n, terminal -CH^)j 2.51 n C6TI,-CH2-C(C1/N0) 
= C(iro/Gl)-CH2- ^^ -CHgCOOj and 5.65 s (COOCH^). MS: m/z 
558/560 (M-1). 
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Reaction of Nitrosyl chloride with methyl gtlO-undeoadienoateCVl)) 
A similar reaction of Vb (1.96 g, 10 mmol) in methylene 
dichloride (25 ml) with nitrosyl chloride gas furnished product 
(XI, PE3» 1.44 g) as a bluish-green liquid after work up with 
diethyl ether and silica gel coumn chromatographic separation. 
This liquid product behaved positively towards Beilstein test. 
(XI)-Analysis (Pound: C, 55.12j H, 7.77; N, 5.38. 0^2^20*^3^^^ 
requires: 0, 55.06j H, 7.70j N, 5.35%). IR (Neat): 3400 (OH), 
3210 (=C-H stretching), 1740 (COOCH,), 1680 (C=N), 1610 (C=C), 
1520 (N=0), 870 (=C-H, out-of-plane bending vibration) and 
725 cm""-^  (G-Cl). NMR: 6 1.33 br, s (lOH, chain-GH2)> 2.27 
I 
m (4H,=G-C-CH2- and -CH2C00-) j 3.61 s (3H,-C00CH^); 4.38 
m (-CH-C1 and -CH-N0)j 5.05 m(2H, H2C=C-) and 7.20 s (=N-OH). 
Cl/NO 
Reaction of sulfur dichloride with methyl lO-imdecynoate (Illb) 
Sulfur dichloride of BDH grade was used. A solution of 
sulfur dichloride (0.51 g, 5 mmol) in dry diethyl ether (15 ml) 
was added to a stirred solution of methyl lO-undecynoate (1.96 g, 
10 mmol) in dry diethyl ether (30 ml) over 20 min at 0°C. 
Stirring was further continued for 6 hr. The mixture was washed 
with water, dried over anhydrous sodium sulfate. Evaporation of 
solvent gave yellow oil, which showed two distinct spots on TLC, 
which was chromatographed over a column of silica gel. Elution 
with petroleum ether gave a yellow liquid (XII, 1.72 g). 
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characterized as dimethyl 10,10'-dichloro-11,11'-thiodiundec-lO, 
lO'-dienoate. This product responded positively towards Beilstein 
test. 
(XIl)-Analysis (Pound: C, 58.26; II, 8.22. C2.H.QO,C12S requires: 
C, 58.17} H, 8.14%). IR (Heat): 3060 (=C-H stretching), 1735 
(COOGH^), 1610 (C=G) and 720 cm""'- (C-Cl). NPIR: 6 1.35 hr, s (24H, 
chain-CH2)) 2.15 m [4K, 2 x -G=C(C1)-GH2~]j 2.25 m (4H, 2 x -CH^" 
-COO-^ i 3.60 s (6H, 2 X -GOOCH,) and 6.05 t [ 2H, 2 x H—G=C(G1)-, 
(J=2 Hz)]. MS: m/z 494/496/498 (.M") • 
Subsequent elution (PEl) furnished a yellowish-browi oil 
(XIII, 0.74 g), characterized as methyl 10~chloro-ll-chloro-
sulfenylundec-10-enoate. It revealed positive Beilstein test. 
(XIII)-Analysis (Found: C, 48.24; H, 6.91. 0^ 2^ 20°2'^ -'-2^  requires: 
C, 48.16; H, 6.747.). IR (Neat): 3065 (=G-H stretching), 1735 
(COOGH^), 1595 (G=G) and 715 cm"""^  (C-Cl). mm-. 6 1.36 br, s(l2H, 
chain-CH2); 2.17 m [2H, -G=G(01)-CHg-]; 2.24 m (2H, -GHg-GOO-); 
3.60 s (3H, -COOGH^) and 6.15 s [IH, H-G=C(Gl)-]. MS: m/z 267/ 
269/271 (M-31). 
Reaction of Sulfur dichloride with methyl 9-undecynoate iVIb)^ 
The reaction of methyl 9-undecynoate (1.96 g, 10 mnol) with 
sulfur dichloride (O.51, 5 mmol) vjas carried out as described 
earlier. Final work up and TLG examination revealed two spots. 
The reaction mixture was then subjected to column chromatograt)hic 
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fractionation over silica gel and elution with petroleum ether 
gave product (XIV, 1.6 g) as a yellovr liquid, which was c^ a^racte-
rized as dimethyl 9,9'-dichloro-10,10'-thiodiundec-9,9'-dienoate. 
This product behaved -oositively towards Beilstein test. 
(XI7)-Analysis (Pound: C, 58.50; H, 8.51. C2.H,QO.C12S requires: 
C, 58.17» H, 8.14%). IR (Neat): 1755 (OOOCH^), 1610 (0=0) and 
710 cm"-^  (C-Cl). Em.: 6 1.50 br, s (20H, chain-CHg)^ 1.80 t 
[6H, 2 X CH„-C=C(C1)-, (J=2.5 Hz)]; 2.15 m [4H, 2 x ~C=C(Cl)-CHp-] J 
2.25 m (4H, 2 x -CH2G00^ and 5.60 s (6ll, 2 x -COOCH-). MS: m/z 
494/496/498 (M^). 
Subsequent elution (PEl) afforded product (XV, 0.8 g) as a 
yellowish-brown oil, characterized as methyl 9-chloro-lO-chloro-
sulfenylundec-9-enoate, which showed Beilstein test. 
(XV)~Analysis (Pound: C, 48.56; H, 6.95. i^2^ 2^0°2*^ -'-2^  requires: 
0, 48.16; H, 6.74%). IR (Neat): 1755 (COOCH^), 1600 (0=0) and 
720 cm"-'- (C-Cl). T^Iffi: 6 1.54 br, s (lOH, chain-CH^); 1.9S s [5H, 
CH^-C=C(Cl)-]j 2.15 m [2H, -C=C(Cl)-CHp~]; 2.25 m (2II,-CHp-C00^ 
and 5.60 s (5H, -COOCH^). MS: m/z 297/299/501 (11-1). 
Reaction of Sulfur dichloride with methyl 9-octadecynaote (iVb) 
Addition of siilfur dichloride (0.51 g, 5 nmol) to methyl 
9-octadecynoate (2.94 g, 10 mmol) was performed as adopted earlier. 
After final work up it showed one spot on TLC plate along xfith 
that of the starting material. The reaction mixture was chromato-
graTjhed over a column of silica gel and elution v;ith petroleum 
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ether gave the imreacted compoimd (17 o) (0.59 g), v*iile subsequent 
elution (PEl) ^ ave the product (XVI, 2.76 g). The structure of the 
compound (XVI) was established as an eutectic isomeric dimer, 
dimethyl 9,9'(10,10')-dichloro-10,10'(9,9')-thiodioctadec-9,9'-
dienoate. This yellow colored liquid showed positive Beilstein 
test. 
(XVI)-Analysis (Found: C, 6 6 , 0 5 ; H, 9 . 9 7 . C,gIIggO,Cl2S r e q u i r e s : 
0, 65 .96 j H, 9.90%). IR ( N e a t ) : 1740 (GOOGH^), 1610 (C=C) and 
720 cm~-^  (C-Gl ) . JIMR: 6 0 .90 d t (6H, 2 x t e r m i n a l CH, - ) | 1.50 b r , 
s (44H, chain-CHp); 2 .17 m (8H, 2 x -GH^-C =^. C — CH«-); 2.26 m 
01/S 3/CI 
(4H, 2 X -CHg-COO^ and 3 .61 s (6H, 2 x -COOCH^). 
Reaction of Sulfur dichloride with methyl 9*lQ-undecadienoate (Vb) 
A solution of sulfur dichloride (0.51 g, 5 mmol) in dry 
diethyl ether (15 ml) was stirred with a solution of methyl 
9,10-undecadienoate (1.96 g, 10 mmol) in dry diethyl ether{50 ml) 
as mentioned earlier. Examination of the reaction mixture after 
final work ux> revealed two spots on TLC plate including that of 
the starting compound (Vb). T^ e^ reaction mixture was then 
chromatograiDhed over a column of silica gel and elution xiith 
petroleum ether gave the unreacted comiDound (Vb, 0.2 g). 
Subsequent elution (PEl) afforded the product (XVII) 
as a yellow oil (2.2 g), characterized as dimethyl 10,10'-dichloro-
11,11'-thiodiundec-9,9'-dienoate. It responded to Beilstein test. 
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(XVII)-Analysis (Found: C, 58.32; H, 8.27. 02411^00^0123 requires: 
0, 58.17$ H, 8.14%). IR (Neat): 1735 (COOCF^), 1600 (C=C) and 
720 cm"-'- (0-01). lTriR:6 1.30 br, s (20H, chain-CH2)} 2.?2 m 
[BIT, 2 X -(01)C=rCH-0H2- and 2 x -CH2-COO-]; 3»10 m [4H, -110=0(01)-
CH2-S-0H2-C(G1)=GH-]} 3.60 s(6H, 2 x -OOOOH^) and 6.40 m r2H, 2 x 
-(01)0 = JH_]. MS: m/25 494/496/498 (M"t). 
Reaction of Phenylselenyl chloride with methyl 10-undecynoate (Illb) 
A solution of methyl 10-undecynoate (1.96 g, 10 mmol) in 
methylene dichloride (15 ml) was added to a solution of phenyl-
selenyl chloride (1.91 g, 10 mmol) in methylene dichloride (15 ml). 
This mixture was stirred for 2 hr at room temperature. The 
progress of the reaction was monitored by TLC. The reaction 
mixture after work up with diethyl ether was subjected to column 
chromatographic fractionation. Elution with petroelum ether gave 
unreacted substrate (Illb, 0.7 g) while subsequent elution (PE2) 
yielded product (XVIII, 2.3 g) as yellowish-bro-tm oil. 
(XVIII)-Analysis (Pound: 0, 55.90; H, 6.54. G^gHjcOgSeOl requires: 
0, 55.75; 11, 6.50%). IR (Neat): 3290 (-0=0-H stretching), 3050 
(aromatic=0-H stretching), 1730 (COOCH,), I615 (0=0), 1580 (aromatic 
0=0), 735, 700 (out-of-plane aromatic 0-H bending and ring O-^ '^^ O^ 
bending resT)ectively) and 720 cm""*- (O-Ol). NIVIR: 6 1.35 br, s (12II, 
chain-0H2); 2.30 m (4H, /0=0-0H2- and -OHg-COO-); 3.60 s (3H,-OOOCH5); 
6.10 [IH, HO(SePh)=0^ , (J=3. 5 Hz)] j • 6.30 [IH, HO(01)=oC , (J=5. 5 Hz) ] 
: 100 : 
and 7.15-7.50 br, m (5H, aromatic protons). MS: m/z 388 (K^). 
Roaction of Phenylselenyl chloride with methyl 9-und.ecynoate(YIb) 
Methyl 9~undecynoate (1.96 g, 10 mmol) in methylene 
dichloride (15 ml) was stirred with phenylselenyl chloride 
(1.91 g, 10 mmol) in methylene dichloride (15 ml) as described 
above. Pinal work up with diethyl ether gave an oil which was 
fractionated by silica gel column chromatography. Elution with 
petroleum ether gave unreacted substrate (VIb, 0.60). Further 
elution (PE2) yielded product (XIX, 2.50 g) as yellowish-brown 
liquid. 
(XIX)-Analysis (Fovind: C, 55.81; H, 6.59. C^gH2502SeCl requires: 
C, 55.75j H, 6.507o). IR (Neat): 3040 (aromatic=C-H stretching), 
1740 (CgOCH^), 1610 (C=C), 1575 (aromatic C=C), 750, 695 (out-
of-plane aromatic C-H bending and ring C-=^=^=C bending respectively) 
and 725 cm"""^  (C-Cl). mm.: 6 1.35 br, s (lOH, chain-0H2)j 
1.75 t [3H, CH„-C=G-, (J=2.5 Hz)]} 2.27 m (4H, /C=C-0H2- and 
-OH2-C:00^ -, 3.60 s (3H,-C00CH„) and 6.90-7.25 br, m (5H, aromatic 
protons). MS: m/z 388 Ol^), 
Oxymercuration-demercuration of g.lO-'undecadienoic acid (Va) 
Mercuric acetate (6.38 g, 20 mmol) in methanol (20 ml) was 
stirred in a conical flask and then 9»10-undecadienoic acid 
(1.82 g, 10 mmol) was added. The reaction mixture was further 
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stirred for 50 min at room temperature so as to complete the 
oxymercuration stage. Sodium hydroxide (20 ml, ZKj was then 
added to it, followed by the addition of sodium borohydride 
solution (20 ml, 0.5M) in sodiixm hydroxide (3M). After the 
reduction mercury was allowed to settle down and sodium chloride 
was added to saturate the vrater layer. The reaction mixture was 
acidified with dil. hydrochloric acid to regenerate the acid as 
well as to destroy the excess of sodi-um borohydride. The 
reaction mixture after final work up with diethyl ether, drying 
and evaporation of the solvent gave an oil. This oil on repeated 
crystallization with petroleum ether furnished a white crystalline 
product, which was characterized as 10-oxoundecanoic acid (XZ, 
1.60'g) melting at 57°C. It revealed positive DNP test. 
(XX)-Analysis (Found: C, 66.02$ II, 10.10. i^i-^ 20^ '5 ^ ®^^i-^®s: 
C, 65.97; H, 10.06%). IR (Nujol): 3300 (COOH), 1720 (C=0), 
1705 cm"-'- (COOH). Hlffi: 6 1,31 br, s (12H, chain-CH2)» 
2.01 s (3H, CH^-CO-)-, 2.25 t-like (4H, -CO-CH2- and -QE^-COO-) 
and 10.35 br, s (1H,-C00H). MS: m/z 200 (N't). 
Reaction of m-chloroperbenzoic acid with methyl g^lO-undecadienoate 
Methyl 9,10-undecadienoate (1.96 g, 10 mmol) was dissolved 
in chloroform (15 ml) and cooled in an ice bath to 0°C and 
stirred. m-Chloroperbenzoic acid (m-CPBA, 1.72 g, 10 mmol, 
Koch-light Laboratories Ltd., Coinbrook Bucks, England) was 
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then added to the stirred ice cooled reaction mixture in 
fractions during 30 min. The picric acid TLO test revealed 
a spot corresponding to epoxy compotmd while direct TLG showed 
tvro spots including that of starting material. Stirring was 
further continued for 60 min. Final work up of the reaction 
mixture with diethyl ether after adding sodium "bisulfite, 
washing successively with sodium thiosulfate, sodium bicarhonate, 
'.•rater, drying and column chromatographic separation yielded the 
unreacted material (Vb, 0.6 g) and a liquid product (XXI, 2.4 g). 
It responded positively to the Beilstein test. 
(XXI)-Analysis (Found: C, 61.92; H, 6.87. C-J_QH250^C1 requires: 
C, 61.87; H, 6.837«)- ^'^ (Wujol): 3020 (aromatic C-H stretching), 
1740 (CgOCH^), 1710 (0=0), 1690 (ClPhCOO), 1600 (aromatic 0=0), 
770 (out-of-plane aromatic C-H bending), 690 (ring C^^^=-=^C bending) 
and 715 cm""'- (C-Cl). mii: 6 1.30 br, s (lOH, chain-GHg)* 2.22 
t-like (611, -CH2-CO-CH2- and -GHg-COO^; 3.60 s (3H,-C00CH^) j 
4.25 t [2H, ClPhG0O-CH2-, (J=4 Hz)] and 7.50-8.05 m (4n, aromatic 
protons). 
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